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CHAPTER V 

TRANSPARENCY OF SOLIDS 

The transparency limits and spectral transmission char¬ 
acteristics of various solids are important in studies and 
applications of ultraviolet radiation. In case a quartz or 
reflection-grating spectograph is unavailable, data per¬ 
taining to the media employed are useful in indicating the 
spectral limits of the radiation involved. Furthermore, 
various media provide a means of eliminating different 
spectral regions and thus provide a means of systematic 
investigation. Owing to the extensive use of glasses these 
are discussed separately in Chapter VI. The present 
chapter deals with other solids. 

Although the transparency of quartz extends suffi¬ 
ciently into the ultraviolet region to be suitable for opti¬ 
cal systems in the study of the near and middle regions of 
the ultraviolet, it was clear colorless fluorite that aided 
Schumann in invading the extreme region. Lyman1 found 
clear colorless fluorite, 1 to 2 mm. thick, to transmit radia¬ 
tion of wave-lengths as short as 125mp,. Specimens of 
fluorite vary considerably in their spectral range of trans¬ 
parency. Hughes2 examined thirty specimens and 
found only five which transmitted further into the 
ultraviolet than crystalline quartz. Two specimens 
of clear colorless fluorite showed limits at 133mp, and 
170mji respectively. This emphasizes the necessity of 
testing each specimen regardless of its appearance. 
Lyman examined specimens, 1 to 2 mm. thick, cut from 
pink, green, purple, and yellow fluorite and found their 
transparencies to vary considerably. Of fifty-seven speci¬ 
mens, forty-two showed limits of transparency to be at 
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Plate II. The Transmission of various media for ultraviolet radiation 
from the iron arc as obtained by a quartz prism spectrograph. Spectra of 
the quartz mercury arc shown for comparison. 



90 ULTRAVIOLET RADIATION 

monly shows an absorption-band at about 41 Omp and a 

transmission-band at about 37Qmp. 

The spectral transmission curves of amber glasses 

differ considerably in form depending upon the ingre¬ 

dients. 
The presence of a sharp absorption-band at 580m[x and 

the shape of this band in the spectral transmission curves 

of Crookes glass indicates the presence of didymium or a 

near relative. 
The approximate short-wave limits of transmission for 

a number of commercial glasses which are sufficiently 

standardized or described to be of value, are given in 

Table XVIII. The data have been obtained from various 

references already given. 

TABLE XVIII 

Approximate Short-wave Limit of Transparency of Various Glasses 

Trade Name Thickness Limit 

Ultra. 

mm. 

0.39 

mju 

280 

Pyrex. 0.77 300 

Nultra. 4.84 360 

Noviol A . 2.00 410 

Noviol B . 3.22 440 

Noviol C . 4.23 460 

Crookes A . . 1.79 345 

Crookes B . 1.93 350 

Luxf el. 2.00 340 

Rifleite . 3.14 475 

Euphos . 1.95 400 

Fieuzal. 2.13 350 

Akopos. 2.17 410 

Hallauer . 1.90 410 

Chlorophile. 1.98 350 

Saniweld (light).... 1.82 500 

transparency of glasses 
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« Tjitra ” (Corning) glass is not appreciably colored and 
Uitra (Lor g; * specimen transmits 

280mp. This glass transmits further into 

violet than most glasses. absorbs 
“ Nultra ” (Corning) glass is yellowish and absorbs 

to some extent between 500 and 400m[i but a specimen 

a f~ «“ck is practically opaque at the short-wave 

limit of the visible region; that is, at a ou 
400mu “Noviol” (Corning) glass is a yellowish glass 

Which has a high transparency for the vlslh'esp*Ct™ 
but absorbs the ultraviolet completely when 2 m . 

-rk It selectively absorbs blue and violet light. 

^Euphoslrass^ W effectively ahsorbyh^a- 

violet radiation although in thin layers it still transm 

slightly throughout the near ultravio et. 
Coblentz and Emerson18 have presented the trans 

mission-factors of a large number of commercial glasses 

for the total radiation from four sources, namely,in¬ 

filled tungsten lamp, a quartz mercury arc, g 

arc, and the sun. (See Chapter VIII). 
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CHAPTER VII 

REFLECTION OF ULTRAVIOLET RADIATION 

In general, it may be said that ultraviolet radiation 

undergoes considerable absorption by reflection. Of 

course, this is to some extent true of any radiation, but 

substances which possess reflection-factors of high values 

for ultraviolet radiation do not appear to be as common 

as the so-called “ white ” substances from the viewpoint 

of visible radiation. Many substances reflect the near 

ultraviolet fairly well but the middle and extreme ultra¬ 

violet are generally absorbed to a considerable degree. 

Much of the ultraviolet energy is absorbed by some sub¬ 

stances in the excitation of fluorescence. 

Snow is an excellent reflector of the ultraviolet energy 

in solar radiation. Photographs of the spectrum of solar 

radiation reflected from snow show that the spectrum 

extends practically undiminished to 295mp, which is ap¬ 

proximately the limit of the solar spectrum. These 

spectrograms indicated that the ultraviolet radiation is 

almost totally reflected as is the case for visible radia¬ 

tion. The reflection-factor of snow for visible radiation 

is commonly between 80 and 90 per cent. The high 

reflection-factor of snow for ultraviolet radiation is one 

factor contributing toward the development of snow- 

blindness. The tremendous quantity of energy reflected 

into the eyes from an unusual angle and the relatively 

greater transparency of the lower eyelids are very im¬ 

portant factors. 

There are many occasions where the reflection-factors 

of substances should be investigated. In photography 

and in other photo-chemical activities at least the near 

93 



96 ULTRAVIOLET RADIATION 

about 60 per cent at 40QmjA and 40 per cent at 250mp,. 

Another Schroder alloy, 60 copper, 30 tin, and 10 silver, 

has reflecting characteristics similar to the preceding 
one. 

According to Lyman 3 the Brashear alloy of which his 

grating was constituted and with which he did such excel¬ 

lent work in the extreme ultraviolet, resembles the Ross 

alloy in spectral reflection characteristic. He states that 

it appears likely that the reflection curve for Ross alloy 

suffers a minimum in the middle ultraviolet and then 

rises again in the region of extremely short wave-lengths. 

He sounds a caution to the effect that it is not safe to 

predict the behavior of metals in the Schumann region 

from data obtained on the less refrangible side of wave¬ 
length 250mp,. 

Voigt4 measured the relative phase retardation and the 

ratio of amplitudes of the two components vibrating at 

right angles to each other, involved in the polarization of 

radiation reflected from metallic surfaces. From these 

data the refractive-index, the absorption-coefficient, and 

the reflection-factor for normal incidence may be com¬ 

puted. Minor 5 used such a method in studying the char¬ 

acteristics of metals in respect to ultraviolet radiation and 

obtained values of reflection-factors for radiation of 

various wave-lengths. For details, the reader should 

refer to the original paper. His computed values of re¬ 

flection-factors (in per cent) for perpendicular incidence 

are given in Table XIX for various polished metals. 

Minor’s results for steel are in fair agreement with 

those of Hagen and Rubens.6 In fact, his values for the 

various metals agree as well as might be expected with 

the other data available. In general, the differences are 

greatest for radiation of the shorter wave-lengths. 

Silver shows a sharp band between 300mjx and 33Qm[x, 

the minimum being at about 315mp,. Minor presents in 

his original paper more detailed results for silver than is 
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TABLE XIX 

Reflection-factors of Metals (in per cent) 

m/x Steel Cobalt Copper Silver 

226.5 . 34.8 18.4 

231.3 35.7 31.8 29.0 19.9 

257.3 39.6 39.7 27.9 24.1 

298.1 42.6 45.7 26.4 15.4 

316.0 
4.2 

325.5 44.8 8.5 

346.7 51.1 31.5 68.0 

361.1 51.2 77.4 

395.0 53.5 57.7 40.1 87,1 

450.0 55.4 63.3 50.5 91.7 

500.0 56.9 65.5 55.5 93.2 

550.0 57.7 66.6 68.4 94.2 

589.3 58.4 67.5 74.1 95.0 

630.0 59.0 80.5 • • • • 

given in Table XIX. He also measured the optical con¬ 

stants of steel, cobalt, copper, and silver. Steel and co¬ 

balt exhibit anomalous dispersion, their dispersion 

curves being very similar to each other, but the refrac¬ 

tive-index curve of steel has a weak minimum at 326m[x. 

Copper exhibits normal dispersion but the refractive- 

index changes more or less abruptly at 300mjx and at 

550m[i. For shorter wave-lengths than 250m[x the dis¬ 

persion of copper again becomes anomalous. The dis¬ 

persion of silver is anomalous between 225m[x and 280m[i, 

normal between 280m[i and 395m|x, and in the visible 

spectrum it becomes anomalous. According to Minor 

the maximum refractive-index of silver is 1.57 (at 295mp,) 

and the minimum is 0.155 (at 395m[i). The refractive- 

index of steel steadily increased from 1.3 (at 226m[x) to 

2.65 (at 630mji). That of cobalt steadily increased from 

1.1 (at 231mpi) to 2.15 (at 590mp) and that of copper 

decreased from about 1.4 (at 235mji) to 0.562 (at 630mjx). 
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Meier,7 employing the same method as Voigt and 

Minor, investigated the optical constants of bismuth, gold, 

iodine, iron, mercury, nickel, platinum, selenium, zinc, and 

two alloys. His results compare favorably with the re¬ 

sults of others but close agreement cannot be expected 

because of the very probable differences in the surfaces as 

to polish, etc. A summary of Meier’s computations of 

the spectral reflection-factors for various metals is pre¬ 

sented in Table XX. In his paper Meier compares his 

results with those of Rubens and Hagen, Pfiiiger, Shea, 

Kundt, and others. His values for gold are in general 

somewhat greater than those of Rubens and Hagen but 

they compare favorably in the case of nickel. The copper- 

silver alloy consisted of equal parts of the two constitu¬ 

ents. The composition of Wood’s alloy is not given but 

it will be noted that the reflection-factors for the ultra¬ 

violet are quite great. Wood’s alloy is easily made of 

bismuth, lead, tin, and cadmium. An alloy of these metals 

consisting respectively of 15, 8, 4 and 3 parts, melts in the 

neighborhood of 75° C. Possessing as it does high reflec¬ 

tion-factors for ultraviolet radiation, this alloy or modi¬ 

fications of it may be useful. The mercury as used by 

Meier was contained in a glass cell but corrections were 

applied so that the results presented are for a mercury- 
air surface. 

Frehafer8 investigated the reflection and transmission 

of ultraviolet radiation by sodium and potassium for a 

spectral range from 25Om^ to 550mp,. She used the 

quartz mercury arc as a source and a sodium photo-electric 

cell as the recording apparatus. For almost normal in¬ 

cidence (10 deg.) the reflection-factor of sodium was high 

through the range studied. It was about 80 per cent from 

250mp to 400mp, then it rose to 88 per cent at 450mp, 

and it remained at about 92 per cent from this point to 

550mjx. On the other hand, the reflection-factor of potas- 

sium was about 96 per cent at 550mp and rapidly decreased 
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TABLE XX 

Reflection-factors (in per cent) of Various Metals 

m ijl Gold Nickel 
Plati¬ 
num 

Bis¬ 
muth 

Zinc Iodine 
Alloy 
cu+ag 

Wood’s 
alloy 

Mer¬ 
cury 

Sele¬ 
nium 

257.3 27.6 30.7 37.1 20.1 20.5 16.2 52.7 23.3 

274.9 27.5 37.6 43.1 24.8 47.6 15.0 56.6 25.3 

298.1 30.4 39.4 47.6 31.2 60.2 19.3 61.1 . • r . 31.8 

325.5 35.1 40.4 48.9 36.0 68.2 15.0 27.6 64.9 65.7 32.5 

361.1 37.7 41.2 52.4 42.5 70.5 26.0 36.6 65.2 70.6 30.3 

398.2 39.4 50.6 57.5 46.7 71.6 30.0 44.0 68.8 73.1 30.5 

441.3 42.3 56.1 58.4 48.9 73.2 33.3 62.5 67.6 74.2 29.2 

467.8 43.2 59.6 58.9 50.8 74.3 34.2 68.6 66.1 74.7 28.2 

508.0 57.4 62.1 58.9 52.2 75.1 34.0 66.6 68.6 74.6 27.4 

589.3 81.5 65.5 59.0 54.3 74.5 30.3 81.3 70.1 75.3 23.5 

668.0 88.3 68.3 59.4 57.2 73.1 r" 

88.1 70.5 21.4 

to about 12 per cent at 250mp. These two metals repre¬ 

sent respectively perhaps the highest and lowest reflec¬ 

tion-factors of any metals for ultraviolet radiation. They 

were studied in the form of opaque mirrors in contact with 

fused quartz plates. The transmission-factors of thin 

films of these two metals decreased steadily from 250mp 

to 550mp. Frehafer also investigated the ratio of the 

reflection-factors (at 45 deg. incidence) for light polarized 

with the electric vector respectively parallel and perpen¬ 

dicular to the plane of incidence. This ratio was found to 

possess a maximum value near 334mp for both sodium 

and potassium but was greater for the former. 

Nutting9 determined the reflection-factors of steel, 

cyanine, selenium, and glass. He employed a photo¬ 

graphic polarization photometer and sparks of aluminum, 

zinc, and cadmium for the ultraviolet region. Some of 

his results are presented in Table XXI for radiation of 

various wave-lengths. 
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TABLE XXI 

Reflection-factors (in per cent) of Various Substances 

m/i Steel Selenium Cyanine 
Glass 

A B C 

257 33.3 7.83 
274 35.3 10.0 6.8 4.67 7.48 9.55 
309 43.0 6.8 4.52 6.94 
334 43.7 12.7 6.9 4.48 6.58 9.48 
361 48.8 6.6 
395 15.1 5.7 4.31 5.86 9.4 
410 52.0 
430 15.8 4.0 
470 54.0 16.7 2.0 4.2 5.6 
510 16.9 1.7 9.0 
534 55.4 
650 18.0 9.2 9.3 
589 55.9 18.4 13.3 4.16 5.37 9.39 
620 14.3 13.8 

The results obtained by Nutting for the steel mirror 

show a rapid decrease in reflection-factor for radiation of 

shorter wave-length than 400mp; that is, the reflection- 

factor is fairly high (above 50 per cent) throughout the 

visible spectrum but it decreases rapidly in the ultra¬ 
violet region. 

Selenium mirrors were made by fusing the element on 

glass and covering it with plate glass, removing the latter 

when cool. The data show an increase in reflection- 

factor from the red to the yellow-green and a gradual 

drop toward the ultraviolet region. 

Cyanine exhibits a strong narrow absorption-band in 

the yellow and therefore is an interesting substance for 

the study of anomalous dispersion of solids. Mirrors of 

it were made by casting. The data presented in Table 

XXI are Nutting’s values for a fresh surface. The reflec¬ 
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tion-factor rises in the red region to a maximum in the 

yellow. It falls to the low value of 1.26 per cent in the 

green (500mp) and then gradually increases to a nearly 

constant value in the ultraviolet region. 
Nutting noted that exposure to radiation produces great 

changes in the reflection-factor and other optical con¬ 

stants of cyanine. Among other changes, the anomalous 

dispersion disappeared after the surface had been exposed 

for some time to radiation. This exposure did not affect 

the reflection-factors for ultraviolet radiation. 

The glasses whose reflection-factors were determined 

by Nutting were “ telescope crown ” designated in Table 

XXI as A; baryt-flint, B; and C, a glass of high refractive- 

index (1.9) and low dispersion. The reflection-factors 

are for a single polished surface in each case. 

E. O. Hulburt10 has presented data pertaining to the 

reflection-factors of various metals and alloys for ultra¬ 

violet radiation. He used a concave reflecting grating of 

speculum metal and was able to record wave-lengths from 

380 to lOOmp. For a source of ultraviolet radiation he 

employed an end-on hydrogen tube as devised by Lyman.3 

The tube was of the internal capillary type equipped with 

a fluorite window and filled with hydrogen at about 

1.5 mm. pressure of mercury. This was excited by a 

1100-volt transformer. For measuring the radiation he 

used a sodium photo-electric cell connected to an elec¬ 

trometer. 
Most of the data obtained by Hulburt are presented 

by him in the form of curves from which the values in 

the following descriptions were taken. He found that 

the reflection-factors for radiation of shorter wave¬ 

lengths than 300mp are rarely above 50 per cent although 

silicon was a noteworthy exception for it showed a re¬ 

flection-factor of 76 per cent in the region from 200 to 

300mp. He obtained brilliant opaque films of silicon by 

cathodic sputtering. In most cases he polished the 
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silver bromide was employed as a mode of comparing the 

various sources. His results are presented in Table 

XXIII. The results with the hefner lamp, burning amyl 

acetate, are taken as a standard and the “ relative acti¬ 

nism ” is the ratio of the chemical effect upon silver 

bromide of the radiation from one source upon silver 

bromide to that of the hefner lamp. These data serve 

only to show very approximately the relative amounts of 

violet and ultraviolet radiation emitted in each case. In 

each case the source of radiation was at a distance of one 

meter from the silver bromide. 

TABLE XXIII 

Relative Effects Upon Silver Bromide 

Relative Intensity Relative 

Visual Chemical Actinism 

Hefner. 1 1 1 
Limelight. 70 260 3.7 
Argand. 16 28 1.75 
Welsbach. 60 160 2.6 
Arc. 400 4000 10.0 
Magnesium per 1 mg. 
Magnesium in air. 135 435 23.8 
Magnesium through clear glass. 270-400 
Magnesium in oxygen. 769 

Jones, Hodgson, and Huse 5 made an extensive study of 

the photographic efficiencies of various common illumi- 

nants. They employed the three classes of photographic 

emulsions, namely, ordinary, orthochromatic, and pan¬ 

chromatic. Some of their data are presented in Table 

XXIV. In the second column are the values of luminous 

efficiency which aids in specifying the conditions of opera¬ 

tion of the sources. The values in the last three columns 

pertain to the relative photographic action per watt, the 

sun’s action on the three emulsions being taken as 100 in 
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each case. These values are based upon energy-con¬ 

sumption. There are many cases where it is of interest to 

have values upon a visual basis; that is, to know the photo¬ 

graphic (or other action) per unit to brightness or per 

foot-candle. A table of these values is found in the 

original work but they may be obtained in any case from 

Table XXIV by dividing the photographic efficiency by 

the lumens per watt and multiplying the quotient by 150 

in order to obtain values in terms of those for the sun. 

This procedure gives what may be termed relative actinic 

value per lumen. 

TABLE XXIV 

Relative Photographic Action Per Watt for Three Classes of Emulsion 

Source Lumens Relative Photographic Efficiency 

per watt Ordinary Orthochromatic Panchromatic 

1. Sun. 150 100.00 100.00 100.00 
2. Acetylene. 0.7 0.14 0.21 0.24 
3. Acetylene screened 0.07 0.04 0.04 0.04 
4. Pentane. 0.45 0.05 0.9 0.13 

Mercury arc 
5. Fused quartz. 40 158.0 130.0 99.0 
6. “ Nultra ” glass. . . 35 50.0 47.0 39.0 
7. Crown glass. 

Carbon arc 
37 79.0 68.0 62.0 

8. Ordinary glass. 12 10.0 9.0 8.5 
9. White flame. 29 52.0 45.0 42.0 

10. Enclosed. 9 11.0 11.0 10.0 
11. “ Aristo ”. 12 62.0 86.0 60.0 
12. Magnetite arc. 18 12.0 14.0 10.0 
Incandescent filament 

13. Carbon. 2.44 0.37 0.52 0.68 
14. Carbon. 3.16 0.51 0.74 0.95 
15. Tungsten, vacuum 8.0 1.7 2.2 2.7 
16. Tungsten, vacuum 9.9 2.4 3.0 3.5 
17. Tungsten, gas-filled 16.6 6.1 6.8 7.7 
18. Tungsten, gas-filled 21.6 8.9 9.8 11.0 
19. Mercury vapor tube 23.0 47.0 54.0 42.0 
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TABLE XXV 

Ultraviolet Radiation from Various Sources 

Deflections 
due to ultra¬ 
violet (cm.) 

Total ultra¬ 
violet ergs 
per sec. per 

sq. cm. 

Ultraviolet 
ergs per sec. 
per sq. cm. 
per ft-cand. 

Quartz Hg. arc, opal glass. 3.70 1305 4.3 
Graetzin gas lamp. 0.92 11.7 
Carbon (gem) filament, 100-watt 0.61 215 14.8 
Cooper Hewitt Hg. tube, glass.. . 1.64 577 15.5 
Sunlight direct. 2.28 16.1 
Acetylene flame. 0.52 18.4 
Tungsten, vacuum, 100-watt — 1.90 670 22.7 
Nernst lamp, glass globe. 1.81 640 25.5 
Magnetite arc, glass. 22.40 7900 30.3 
Magnetite arc, quartz. 29.00 10240 36.3 
Quartz Hg. Arc, bare, old. 16.77 5920 38.3 
Quartz Hg. arc, bare, new. 32.10 11350 87.6 
Carbon arc, quartz. 74.00 26200 91.0 

results are presented in Table XXV. In the second 

column are given the galvanometer deflections due to the 

ultraviolet radiations. These are given in centimeters so 

that these values must be multiplied by 353 to give the 

actual ergs per second per square centimeter due to ultra¬ 

violet radiation from the various sources. The energy 

values are found in the third column and afford a direct 

comparison of the relative amounts of ultraviolet energy 

supplied by the various sources. They represent the 

absolute amounts of energy received per second per square 

centimeter at a distance of 50 cm. from the sources. In 

the last column are the amounts of ultraviolet energy ac¬ 

companying the energy necessary to be appraised visually 

as one foot-candle. 

It is interesting to note the decrease in output of 

ultraviolet radiation as the age of a quartz mercury arc 

increases. This perhaps has been noted by those who 

Plate V. The white flame arc — a powerful source of “ near ” ultraviolet 
radiation approximating solar radiation in many of its effects. 
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TABLE XXVI 

Transmission-factors for Radiation from a Magnetite Arc 

Filter 

Two quartz plates each 3 mm. thick. 

Same plus 5 cm. distilled water (water-cell)- 

Water-cell and dense flint glass (limit 335m/*).. 

Water-cell and medium flint glass (limit 315m/*) 

Water-cell and light flint glass (limit 305m/*)... 

Water-cell and crown glass (limit 295m/*). 

Dense flint (n = 1.69) alone. 

Medium flint (n = 1.63) alone. 

Light flint (n = 1.57) alone. 

Crown (n = 1.51) alone. 

at their commercial ratings. The quartz mercury arcs 

were new. The tungsten lamp was a 500-watt gas-filled 

stereopticon lamp. 
There are various types of mercury arcs available but 

they may be divided into two chief classes — those with 

glass-tubes and those with quartz-tubes. The glass-tube 

mercury arc or a quartz mercury arc equipped with a glass 

globe, emits ultraviolet radiation in the near region, that 

is, of wave-lengths longer than about 300mp,. The quartz 

arcs emit in general the near and middle ultraviolet. 

They are made in large sizes and also in various “ concen¬ 

trated ” forms but their radiation does not differ materi¬ 

ally. 
The spectrum of the quartz mercury arc has many 

powerful lines but also a number of gaps. Between the 

powerful group of lines at 365mjx and the double line at 

313m[x there is only one strong group and that is at 334mp,. 

A gap exists between 313mjx and a group at 302.5mp, and 

another between the latter and 297mp,. 
The output of mercury arcs operating at high tem¬ 

peratures as is the case of the quartz arc diminishes con¬ 

siderably as the lamps age. It has been found that the 

ultraviolet spectrum of the quartz mercury arc dimin¬ 

ishes in intensity as the lamp ages, especially for radia- 

Transmission-factor 

53 per cent 

33 

26 

28 

27 

28 

40 

45 

40 

43 
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TABLE XXVII 

Transmission-factors of Various Media for Radiation from Four 

Different Sources 

Thickness 

in mm. 

Transmission-Factor 

Medium Tungsten 

lamp 

Quartz 

Hg. Arc 

Magnetite 

Arc 
Sun 

Freuzal B, green-yellow... 2.04 71.6 26.9 46.0 63 

Euphos B, green-yellow.. . 3.12 78.8 24.7 53.0 64 

Akopos, green-yellow. 1.58 84.6 29.5 59.0 74 

Noviweld 6, green-yellow 2.17 0.9 0.4 0.2 0.9 

Saniweld, dark, amber... 1.32 78.1 10.6 43 50 

Noviol B, yellow. 2.88 74.1 32.2 56 75 

Crookes A, neutral. 1.97 85.3 46.1 89 

Crookes B, neutral. 2.00 75.7 32.0 64 69 

Gold plate, film. 2.6 7.2 1.2 12 

Selenium, red. 2.90 67.8 7.9 48 48 

Window glass, clear. 1.85 59.5 82 

Crown glass. 1.56 64.9 92 

Mica, brown . 1.30 35.4 

Mica, colorless 0.09 43.1 

Water, clear. 10.00 34.2 

Clear water (glass cell)... 10.00 56.0 

Clear water (quartz cell).. 10.00 83.0 76 

tion shorter than 254mp. It has been suggested that this 

decrease may be due to the greyish deposit on the walls 

of the tube or that the composition of the gas undergoes 

change. It may be well to try cooling the quartz tube 

in an attempt to preserve the constancy of the output 

of ultraviolet radiation. This decrease in ultraviolet 

intensity with age has been verified by physical, chem¬ 

ical, and biological tests. 

It has been stated that the average life of the 220-volt 

quartz mercury arc is between 2500 and 3000 hours 

and that the tubes can be re-exhausted about three 

times. 
A great deal of work has been done in investigating 
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Mott and Bedford20 have presented comparative results 

obtained with the various flame arcs for several chemical 

reactions. These present better than a detailed descrip¬ 

tion some of the relative merits. In Table XXIX are 

their results pertaining to the effect of different sources 

on a 10 per cent solution (by volume) of bromine in toluol 

contained in glass and in quartz. The sources were at a 

distance of two feet and the time required for the bromine 

color to disappear was measured in each case. 

TABLE XXIX 

Broxnination Time for Different Sources 

Glass 

Tube 

Quartz 

Flask 

TTT,L,i./N a nOK amn Qfi VOltS .• • 36 36 
White name arc, amp. cuo vuuo. 

25 24 
Yellow name arc, amp. vv .. 

170 21 
Red name arc, amp. ju vuuo. 

210 60 
Blue name arc, amp. aio ... 

280 58 

m , t7KA nratt CfCi P>f5 cl PflT bu’ b. 274 
Tungsten lamp, l ou-watt, gas-nneu wcai u u .. 
m i 1 j-t n i AHA Kill 0 Kllll) . # . . . • 235 Tungsten lamp, iuuu-watt, gas-mieu muc uuiw. 

610 
Mercury vapor lamp, o.o amp. Liv .. 

The last three sources in Table XXIX are enclosed with 

glass so that the results obtained with them are more 

directly comparable with those obtained with the 

arcs when the bromine was contained in the glass 

test tube. 
The results of a test of the effect upon solio paper of 

the radiations from the flame arcs operated at 25 amperes 

and 90 arc-volts are presented in Table XXX. The recip¬ 

rocals of the average time required in each case for equal 

coloration is the basis of the figures. The glass used in 

this case was ordinary window glass 2.3 mm. thick. 
Paraphenylenediamine and nitric acid provide a reaction 

which is a satisfactory test for ultraviolet radiation, and 



Plate VI. The quartz mercury arc shown with the quartz arc exposed and 
also as used for exposing materials to its radiation. 
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TABLE XXX 

Relative Photographic Effect on Solio Paper 

No Glass With Glass 

White flame. 100 80 

Yellow flame. 35 17 

Red flame. 30 22 

Blue flame. 60 30 

Pure carbon arc. 40 24 

Mott and Bedford used it for comparing the various arcs. 

They impregnated white blotting paper with a solution, 

consisting of 1 gram of paraphenylenediamine, 3 cc. dis¬ 

tilled water, 2 cc. nitric acid (sp. gr. 1.21). The blotting 

paper was then dried in a steam oven, for if it is dried 

slowly as by leaving it over night it blackens and is use¬ 

less. This is not appreciably sensitive to the radiations 

from the gas mantle, electric incandescent filament lamps, 

and the Nernst glower. On exposure to ultraviolet the 

impregnated paper turns green and finally to a metallic 

brown color. Mott and Bedford found that best test 

results were obtained at a distance of two feet from the 

25 ampere arc on exposing in increments of one-half 

minute without glass. Owing to the absorption of glass 

for the ultraviolet the exposures when it was used were 

increased to five minutes. Their results are presented in 

Table XXXI. This gives a rough estimate of the relative 

amounts of ultraviolet radiation referred to the blue flame 

arc. Without glass the blue flame arc was the most 

powerful but with glass the white flame arc was quite 

superior. 

The same investigators compared the relative efficacies 

of the radiations from the white flame arc and the quartz 

mercury arc of approximately the same wattage, in pro¬ 

ducing chlorination. The radiation from the white flame 
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TABLE XXXII 

Relative Photographic Power Per Lumen of Total Radiation of 

Various Xlluminants 

Source Plate 

Relative Photographic Value 

Direct Once reflected 

Mazda C (clear). Seed 23 1.00 1.00 

Mazda C (blue-bulb). u 1.36 

Tungsten-mercury arc. << 3.24 2.88 

Cooper-Hewitt. << 8.19 5.50 

Quartz mercury arc. 

Solar radiation. 

Mazda C (clear). 

<< 

(< 

Orthonon 

12.93 

1.00 

1.97 

1.00 

Mazda C (blue-bulb). << 1.62 

Tungsten-mercury arc. u 2.54 3.36 

Cooper-Hewitt. 6.58 6.94 

Quartz mercury arc. it 9.29 

Solar radiation. (t 1.79 

Mazda C (clear). Panchromatic 1.00 1.00 

Mazda C (blue-bulb). 

Type M 
it 1.33 

Tungsten-mercury arc. it 3.13 2.75 

C 0 oper-Hewitt. it 6.37 4.42 

Q u artz mercury arc. a 10.82 

Solar radiation. a 1.99 

Mazda C (clear). Panchromatic 1.00 

Tungsten-mercury arc. 

W and W 
<< 2.96 

Cooper-Hewitt. 
a 6.31 

Quartz mercury arc. 
a 7.71 

mercury arcs were commercial lamps operating at their 

commercial ratings. The sunlight was the direct rays 

of the sun on a clear day with the sun at an altitude of 

about 45 degrees. In the table the results are given 

for direct radiation which did not pass through any media 

except air and also for radiation reflected from the first 

surface of black glass. The tungsten-mercury arc was an 

experimental lamp with a glass bulb. The radiation was 
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emitted by an incandescent filament and also by mercury 

vapor. Owing to the fact that it involves a mercury arc 

as well as an incandescent filament it appears possible to 

greatly increase its photographic value. The panchro¬ 

matic plate was a type M. The results for the mercury 

arcs were considerably lower in value for a Wratten and 

Wainright (W and W) panchromatic plate than those 

shown for the type M. The illumination intensity at the 

plate was determined by photometering the visible light. 

An energy relation of these data can be obtained by con¬ 

sidering the lumens per watt. 

The author and his colleagues, Holladay and Taylor, 

are conducting an investigation of the photographic ac¬ 

tion of the radiation from tungsten filaments operating 

at various temperatures from 2050°K to 3400°K. At 

the present time only preliminary results are available. 

The approximate sensitivities of various commercial 

plates at these two extreme temperatures and an inter- 

mediate one are respectively as follows: 

2050°K 2500°K 3400°K 
Seed 28 4 9 21 

Seed 23 1.5 4 10 

Orthochromatic 5 9 20 

Panchromatic 3 4.5 9 

These approximate preliminary values of sensitivity 

are the reciprocals of the /inertia in meter-candle-seconds 

and are intercomparable. The orthochromatic plate was 

an Orthonon and the panchromatic was a Wratten and 

Wainright. 
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Plate VII. The ultraviolet spectra of the tungsten arc through quartz, 
at various currents and photographic exposures, as obtained by a quartz 
prism spectrograph. 

CHAPTER IX 

EXPERIMENTAL SOURCES 

In the preceding chapter the common illuminants which 
are useful from the standpoint of ultraviolet radiation 
have been discussed. Besides these there are many 
sources available to the investigator. The radiations from 
gases in discharge tubes have been widely used in study¬ 
ing the properties of the middle and extreme ultraviolet 
and in mapping other spectra in these regions. A large 
variety of metals are available for producing spectra by 
sparks operated under various conditions. These metals 
and their compounds are also available for use as elec¬ 
trodes or for impregnating carbon electrodes of arcs. 
All these provide such a variety of spectra that the in¬ 
vestigator should seldom be unable to find a fairly suitable 
source of radiation. The ideal source for many purposes, 
having a uniform and continuous spectrum, is not avail¬ 

able. 
The intensity of ultraviolet radiation may be increased 

manifold in some cases by focusing the image of the source 
by means of lenses of quartz or other suitable media. 
For example, blackening of lithopone was produced in 
less than a minute by focusing upon it the image of a 
quartz mercury arc by means of a quartz lens. Under 
solar radiation on a clear day in summer, the time required 
for blackening was considerably greater. If reflection is 
resorted to for the purpose of intensifying the ultraviolet 
radiation it is well to be certain of the reflection-factors 
of the substance for the ultraviolet. 

The spectra of various sources of ultraviolet radiation 
are touched upon more or less in other chapters. Kayser 1 
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TABLE XXXIII 

Strongest Lines and Groups of Lines in the Spark 

Spectra of Metals 

m fj, Metal Deflection mju Metal Deflection 

186 Al* 173 240 Co 140 

Cd* 27 241 Fe 125 

190 Sn* 62 249 Fe 126 

193.5 Al* 58 250.2 Zn* 80 

195 Hg 40 255.8 Zn* 85 

199 Al* 50 257.3 Cd* 41 

202.5 Zn* 225 258 Co 80 

206 Zn* 280 261.4 Pb* 12 

208.7 Zn* 160 274.7 Fe 125 

210 Zn* 220 274.8 Cd* 49 

213.8 Zn* 60 277.1 Zn* 25 

214.4 Cd* 185 280 Mg* 950 

219 Ni 107 285 Mg* 153 

219.4 Cd* 120 293 Mg* 189 

220.3 Pb* 32 309 Mg 35 

221 Ni 140 326 Sn 19 

Co 53 328-334 Zn 60 

226.5 Cd* 170 340-346 Cd 25 

231.5 Cd* 190 361 Cd 45 

232 Ni 175 365 Hg 52 

233 Ag 36 

An * indicates that there were lines so close together that their combined 

energy was measured. 

preceding paragraphs pertaining to Pfliiger’s work on 
spark spectra that he only considered spark spectra for 
regions of longer wave-length than 180mp,. Furthermore 
he was unable to record weak lines by his method. This 
accounts for the absence of data pertaining to lines in the 

extreme ultraviolet region. 
Ross24 has described a powerful aluminum spark which 

he used in photo-chemical investigations. He connected 
the spark-gap to the secondary of a large induction coil 
with a large Leyden jar in parallel. The primary circuit 
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operated at 3.4 amperes and 110 volts. By placing vari¬ 
able resistors and an ammeter in the primary circuit he 
was able to obtain a fairly constant source of radiation. 
The aluminum terminals were sharpened after each 
observation. They were of large cross-section and ar¬ 
ranged so that they would be cooled by conduction by 
dishes of ice and iron plates in contact with them. He 
found that the rate of decomposition of the iodides was 
at least twice as great in the case of the aluminum spark 
as in the case of any other common metals which he 
used. 

The arc is another useful source of ultraviolet radia¬ 
tion. It is usually easier to devise than the spark or 
vacuum tube but on the other hand it is generally less 
satisfactory owing to its unsteadiness. The commercial 
arc lamps have been discussed in Chapter VIII but for 
many experimental purposes an arc can be constructed 
very simply which is more satisfactory. The ordinary 
carbons can be bored and filled with metals and com¬ 
pounds, or material may be placed on the tips of the elec¬ 
trodes or in a cup drilled in the end of one of them. Arc 
spectra differ in general from line spectra but those ele¬ 
ments which produce spark-spectra rich in ultraviolet 
radiation, usually emit powerful ultraviolet radiation in 
the arc. 

Electric arc carbons impregnated with iron salts emit 
powerful ultraviolet radiation. In fact iron is one of the 
best materials for electrodes. It is a simple matter to 
construct an arc which will emit ultraviolet energy, 
provided hand-control is satisfactory. An iron rod and 
a carbon rod may be employed successfully for the two 
electrodes, however, two iron rods serve the purpose 
very well. These terminals can be kept cool effectively 
by means of heavy brass or copper sleeves which may be 
moved along the iron rods as the latter are consumed. 

A particularly successful arc of this type can be made 
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Plate VIII. Ultraviolet transmission spectra of clear and cobalt glasses 
as obtained by a quartz prism spectrograph. The sources of radiation were 
the quartz mercury arc and the iron arc. Both glasses were of the same 
composition with the exception of the addition of a slight amount of cobalt 
to one of them. 

CHAPTER X 

DETECTION AND MEASUREMENT 

A great variety of means is available for detecting 
ultraviolet radiation and many of these may be utilized 
for measurements. The absolute measurement of radia¬ 
tion can be directly achieved by means of instruments 
such as the bolometer, thermocouple, thermopile, and 
radiometer, which measure incident radiation. Absolute 
measurements can be obtained also by indirect comparison 
methods in which the photographic plate, the photoelectric 
cell, the phenomenon of phosphorescence, the selenium 
cell, and a large number of photo-chemical reactions may 
be utilized. The types of apparatus and the methods for 
measuring ultraviolet radiation are restricted by the 
characteristics of this radiation. One of the greatest re¬ 
strictions is the relatively smaller quantities of energy 
usually encountered than in investigations of visible and 
infra-red radiations. On the other hand, there are many 
effects peculiar to ultraviolet radiation which do not attend 
infra-red radiation. The same comparison can be drawn 
between ultraviolet and visible radiation although these 
two spectral regions have much in common. 

In general, any effect which is produced by ultraviolet 
radiation may be utilized in obtaining measurements per¬ 
taining to the latter. These effects may be photo¬ 
chemical, photogenic, physical, physiological, germicidal, 
photo-electrical, etc., although there is more or less over¬ 
lapping of these in many phenomena. In fact, these di¬ 
visions themselves are not strictly independent of each 
other. It is not the intention to discuss the methods of 
measurement in detail because previous chapters con¬ 
tain much pertinent data and detailed accounts of the 
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TABLE XXXIV 

Index of Refraction of Quartz 

mix n0 ne 

185 1.67582 1.68999 

193 .65997 .67343 

198 .65090 .66397 

206 .64038 .65300 

214 .63041 .64264 

219 .62494 .63698 

231 .61399 .62560 

257 .59622 .60712 

274 .58752 .59811 

340 .56748 .57738 

396 .55815 .56771 

410 .55650 .56600 

486 .54968 .55896 

589 .54424 .55334 

656 .54189 .55091 

686 .54099 .54998 

760 .53917 .54811 

Disch81 was one of the first to employ the mercury 
lamp in polarimetry. The green line of the mercury spec¬ 
trum is exceptionally pure, and where a high intensity of 
monochromatic radiation is desired this line is easily sepa¬ 
rated by means of filters which are less wasteful than the 
spectroscope in isolating monochromatic radiation. In 
polarimetry, very high intensity is not usually required, 
so that Lowry82 has used a globule of mercury in a hydro¬ 
gen discharge tube. Such a tube starts readily and by 
heating the mercury, its spectrum can be increased in 
brightness if necessary. 

Sirks33 has determined the rotation of the plane of 
polarization for ultraviolet radiation of various wave¬ 
lengths for hydrogen, oxygen, and carbon dioxide. His 
determinations extended as far as 238mp. 
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Photography is one of the most helpful allies in the study 
of ultraviolet radiation. There are many emulsions avail¬ 
able on glass plates, celluloid films, and paper, and the 
choice will be influenced by the work to be done in a 
particular case. In general, ordinary emulsions are 
satisfactory for the photography of radiation of wave¬ 
lengths between 200 and 500mp. In the case of the 
photographic emulsion it is necessary to establish rela¬ 
tions between the density of the photographic image, the 
time exposure, and the intensity of radiation. This is 
necessary for each wave-length for accurate work. 
Schwarzschild’s law is expressed thus, 

Itp = constant 

where I is the intensity of the radiation, t is the time of 
exposure, and p is an exponent whose value lies usually 
between 0.7 and 1.0 for various emulsions. For example, 
if the intensity of radiation in one exposure is only one- 
half the value for another exposure, the former exposure 
must be slightly greater than twice that of the other 
in order to produce the same photographic density. 

After plates have been developed they are measured 
for transparency and the density is established by the 
following relation, 

1 
D = log O = log ^ 

where D is the density, O is the opacity, and T is the 
transmission-factor. The curve obtained by plotting 
density and the logarithm of the intensity of radiation 
has a straight portion which is considered to be the best 
region of exposures or densities. This straight-line rela¬ 
tion was discovered by Hurter and Driffield in their pio¬ 
neer researches. The range of this straight portion of the 
curve for any given case is a measure of the latitude of 
the emulsion under the conditions of development. 



CHAPTER XI 

EFFECTS UPON LIVING MATTER 

That radiation affects living cells is evident by sun¬ 
burn, snow-blindness, sterilization, and in many other 
ways. Man has no sensory organs for detecting radi¬ 
ation beyond the limits of the visible spectrum. He 
protects himself from the glare or the heat of the 
sun which saves him from the slight amounts of 
harmful ultraviolet radiation. Fortunately the short¬ 
wave limit of the spectrum of solar radiation is about 
the same as the short-wave limit of transparency of 
the cornea. As a matter of fact the eye evolved through 
adaptation to solar radiation and, therefore, it is not 
strange that these two limits practically coincide. 
Man has devised artificial sources of ultraviolet radiation 
of such wave-lengths as to be harmful. When these 
invisible rays accompany the light rays much damage 
may be done. But with the development of such sources, 
knowledge of the effects of radiation increased so that 
man is able to protect himself from the harmful rays and 
also to utilize them to his advantage. 

It has long been known that intense radiation, especially 
of the shorter wave-lengths, caused painful irritation of 
the anterior tissue of the eye. “ Snow-blindness ” is a 
common result of intense solar radiation and it is now 
known that snow reflects the ultraviolet rays in solar 
radiation very efficiently. The result is a painful irritation 
which usually becomes apparent several hours after ex¬ 
posure. The eyes first appear to contain foreign matter, 
that is, to feel “sandy.” This disorder has been termed 
“ photophthalmia.” Various associated effects arise from 
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and Barnes employed at G. E. X-ray transformer, type Reusing 15 amperes from 
the no volt A.C. mains on the primary coil. A mercury interrupter which made 
and broke a D.C. current about 120 times a second was also employed. For 
capacity, two Leyden jars of about .001 m.f.d. each were used. A zinc spark gap 
upon which a blast of air was directed was placed in series with the tungsten 
spark. Figure 7 shows this electrical circuit where T is the transformer; C, the 
capacity; S, the external spark gap and W, the tungsten spark. The choice of 

tungsten for the electrodes was made after a careful trial of aluminum, brass, 
iron, nickel, carbon and molybdenum. The tungsten gave more rays in the 
shorter wave-lengths and required very much less adjustment. Using 1.6 kilowatt 
in the primary of the transformer, the tungsten electrodes disintegrated, very 
slowly compared with aluminum poles used under exactly the same conditions. 
Figure 8 illustrates the continuity of the spectrum thus obtained. The absorp¬ 
tion bands are those of a 0.1 per cent solution of benzene in ethyl alcohol. 
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Fig. 8. 

The lengths of the solution used are indicated on the side of the plate. This 
photograph was taken with a Hilger quartz spectrograph. _ The top exposure 
with no absorption tube indicates the uniformity of the irradiation. In the 
original negative the spectrum extends to 2050 A. 

Kowalski6 found the oscillating spark using invar electrodes to be 
an economical source of ultraviolet rays. To increase the amplitude, 
the capacity of the oscillating circuit must be as great and the induc- 

* Elec. Rev. West, Elec. 1915, 66, 1055. 
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tions as small as possible. Kowalski7 also shows that the region 
of maximum radiated energy is displaced towards the longer wave¬ 
lengths as the oscillatory current is increased. Increasing the amount 
of energy consumed in the spark, however, causes displacement toward 
the shorter wave-lengths, but this displacement is dependent in a 
degree upon the nature of the electrodes. The intensity of the 
mean ultraviolet ray, used in photochemical reactions and in steri¬ 
lization, varies inversely with the frequency. A definite relation can 
be established between the number of sparks per second, capacity, 
and frequency of the primary current, if a resonance transformer is 

used. 
A radiation of short wave-length described by Reboul8 was sub¬ 

sequently studied by Reboul and Bodin.9 This radiation is of a wave¬ 
length between that of the ultraviolet and X-rays, and is capable of 
ionizing gases, and affecting a photographic plate or electrometer. The 
rays are produced when cells composed of pastilles of metallic com¬ 
pounds, previously powdered, are traversed by an electric current. The 
radiation is thought to be due to the variation in speed of the elec¬ 
trons in traversing a sharp potential gradient. It depends on the 
chemical composition and state of aggregation of the material employed 
and, for a given compound, the intensity of the radiation depends on 
the potential employed; small increases in the potential sometimes caus¬ 
ing enormous changes in the intensity of the radiation. For a given 
substance, the intensity of the radiation is also increased when the 
current is increased, but, in general, cells with the smallest resistance 
and therefore carrying the largest currents emit least radiation. The 
coefficients of absorption of the rays by air vary from 9 to 15 centi¬ 
meters and diminish as the distance of the grid electrode from the cell 
is increased. The radiation is therefore probably complex and can be 
separated by passage through gaseous layers of varying thicknesses. 

We now arrive at the consideration of the production of ultraviolet 
radiation by the arc method. As previously noted arcs may be pro¬ 
duced between solid electrodes exposed to the air or in an atmosphere 
of a metallic vapor such as mercury in an enclosing vessel of quartz. 
An arc produced between iron electrodes is a common expedient. More 
elaborate devices employ electrodes containing mixtures of metals. For 
example one type employs a positive pole of copper and a negative 
pole consisting of a sheet steel tube packed with a fine powder con¬ 
sisting principally of oxides of iron (magnetite), titanium and chro¬ 
mium. The enclosed or flame arc has been advocated as a source of 
ultraviolet rays of the longer wave-lengths. The mercury vapor arc 
has the advantages of steadiness but has large gaps in the spectrum 
and the ultraviolet energy decreases in the case of old lamps. Some 
old quartz mercury arc lamps have been found only half as effective 
as when first used. The ordinary carbon arc emits a considerable 

’ Compt. rend. 158, 1337! Bull. Soc. Int. Elec. 4. 437- 
8 Compt. rend. 1920, 171, I5°2> 172> 210 '< J92I> J73> 1102; 1922, 174, I4S2- 
“Compt. rend. 1924, *79, 37- 
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A modified form of lamp used by Wolff is shown in Figure io. An 
elongated glass bulb set in a water bath, has two tubes in the lower 
side for mercury. An exhaust tube is situated at the top, and at the 
right hand end is placed a fluorite window. The mercury vapor con¬ 

denses on the walls of the bulb so effectively that the window does 
not become coated with mercury even after operating for a consider¬ 
able period. This lamp is started by an induction coil and operated at 
220 volts. Fischer7 constructed a mercury arc lamp suitable for 
chemical purposes which he used in experiments on the formation of 

Fig. io.—Modified Form of Lamp Used by Wolff. 

ozone. This comprises an exhausted double-walled quartz cylinder B 
(Figure n) fixed with sealing wax into the neck of a surrounding 
cylindrical glass vessel A, connected with an air pump by the tube F. 
The anode consists of an iron ring K, which surrounds the quartz 
cylinder and is suspended by means of two platinum wires fused into 

7 Ber. 1905, 38, 2,630. 
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the walls of the glass vessel. Mercury is placed in the bottom of the 
latter to serve as cathode. The lamp is operated at 20 volts and 5 
amperes and is started by means of an induction coil. Arrangements 
are made to cool the lamp both internally and externally, so that the 
temperature in the interior of the lamp is kept down, thus maintaining 
a low density of the mercury vapor, and favoring the production of 
ultraviolet rays. 

A form of quartz tube mercury lamp recommended by Knipp 8 for 
bacteriological work is shown in Figure 12, which illustrates the tube and 

Fig. 11.—Fischer’s Lamp for Formation of Ozone. 

manner of mounting. The diameter of the main branch AB is 25 milli¬ 
meters and the length of the straight portion 15 centimeters. 

The tube is exhausted and barometric pressure depended upon for 
maintaining the mercury levels at A and B. This arc is suited only 
for low voltages and hence gives out comparatively weak ultraviolet 
radiations.9 

Tian 10 describes a lamp made of a tube of transparent quartz down 
the center of which an insulated iron wire passes, thus making contact 
with a drop of mercury at the bottom, which forms the cathode. The 
anode is a small iron cylinder. Ordinarily direct current is used, but 

8 Phys. Rev. 1910, 30, 641. 
9 A modified design remedies this to some extent. 
10Compt. rend. 156, 1063. 
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alternating current may be utilized if the anode is made double, i.e., 
two plates separated by a sheet of mica. This form of lamp has the 
advantage, besides low voltage operation, that it is of convenient shape 
to immerse in liquids. 

A type of arc lamp using a mercury cathode and tungsten for an 
anode is proposed by Urbain, Seal and Feige.11 Tungsten is employed 
because of its high melting point. It is necessary to operate either 
in vacuo or in an inert gas. When the smallest trace of oxygen is 
present the walls of the enclosing vessel became darkened through the 
production of volatile oxides. No noticeable transference of tungsten 
to the negative pole is observable. 

A mercury vapor lamp manufactured by The General Electric Co.12 
consists of a carbon anode and a mercury cathode. A fine carbon 
filament runs through the lamp and dips into a cup which floats on 
mercury in the bottom of a tube. As soon as the current is started 
the cup is drawn down by means of a solenoid, thus forming an arc 
at the bottom of the carbon filament, and as this is more resistant to 
the current than mercury vapor the arc rapidly extends through the 
whole length of the tube. 

The exposure of gases to ultraviolet radiation was carried out by 
Chapman, Chadwick and Ramsbottom13 in apparatus of the form 
shown in Figure 13. A bulb of quartz, in which the gases are placed 
that are to be exposed to the rays, is enclosed in a glass mercury lamp 
of which the cathode is a pool of mercury and the anode a short 
cylinder of iron suspended in the upper part of the glass container. 
The latter is exhausted by means of a Sprengel pump. The quartz 

11 Compt. rend. 1911, 152, 255. 
“ Child, Electrical Arc, New York, 1915. 
13 J. Chem. Soc. 1907, 9-C 945- 
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bulb has an outlet tube passing through the bottom of the lamp and 
communicating with a pump. The lamp is operated on a current of 

six amperes. 
A lamp recommended by Coehn and Becker 14 for photochemical 

work and used by them in the oxidation of sulfur dioxide is shown in 
Figure 14. The lamp consists of a glass vessel 4 in which the double- 
walled quartz vessel 2 and 3 is placed. A mercury seal is used at the 

top of the vessel 4. The lamp is placed in a water-jacket or cooling 
vessel 5. In order to make the burning uniform a magnet M is placed 
in a glass tube in the lamp as shown. A quartz tube 1 is inserted in 
the vessel 2 through which gases may be passed by means of the inlet 
and outlet tubes G. 

A lamp for technical applications of photochemistry is shown in 
Figure 15. A quartz tube K L A has a length of 115 centimeters. The 
light zone is maintained in the tube L, 1.8 centimeters in diameter. A 
tube R, 5 centimeters in diameter and 100 centimeters in length, is fused 
on the tube L. Reaction mixtures are passed in and out by the open- 

14Zeitsch. f. physik. Chem. 1910, 70, 90; Zeitsch. f. Elektrochem. 1907, 13, 545. 
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ings Q, Q. The tube R is wound with nickel wire and jacketed with 
asbestos. The temperature is determined by thermo elements at N. 

A quartz-jacketed lamp used by Weigert15 especially for exposure 
of gases tO' ultraviolet rays has the form shown in Figure 16. A mercury 
arc is formed in the inverted U tube B, between surfaces of mercury 
Ei and E2, electrical connection being made at Ki and K2. M is a 

mantle of thin quartz enclosing the burner. Capillary tubes of quartz, 
Ai and A2, are used for changing the gaseous atmosphere in the space 
about the burner. The apparatus is mounted in a watertight casing 
having a quartz plate serving as a window for external exposures. 

The use of the mercury lamp in spectroscopy, polarimetry and sac- 
charimetry is advocated by Lowry.16 In spectroscopy no great in¬ 
tensity of light is needed, the light emitted from a vacuum tube being 

Fig. i6.—Lamp Employed by Weigert for the Treatment of Gases. 

quite sufficient for taking readings with spectroscope or with an in¬ 
strument such as the Pulfrich refractometer. A mercury light of 
sufficient intensity for this work, Lowry states, can be produced very 
conveniently from a hydrogen tube containing a globule of the metal; 
This hydrogen-mercury tube has the advantage that it lights more 
easily than a tube containing mercury only, while by warming the 

15Zeitsch. f. physik. Chem. 1912, 80, 69. 
10 Trans. Far. Soc. 1912, 7, 267. 
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globule, the spectrum of the metal can be made as bright as may be 
wished. 

The problem of providing a source of light for use in polarimetry 
(see page 67 on the use of the cadmium arc in polarimetry) is much 
more difficult, on account of the fact that the intensity of the light 
is reduced to a small fraction of its original magnitude by the action 
of the Nicol prisms. The polarizing Nicol begins by eliminating half 
the light, and if the half-shadow angle of the instrument is set to 50 
there is a further reduction to sin 2^4° .= 0.0218 at the “extinction” 
position. The intense light of the modern mercury lamp renders it 
exceptionally suitable for use in polarimetry, and it is now beginning 
to be employed to a considerable extent also in technical saccharimetry. 
The chief advantages of the mercury light may be summarized as 
follows: (1) The green light is of exceptional purity; a high rotatory 

Fig. 17.—The Bastian Glass Mercury Lamp. 

power can be read as easily as a low one; on the other hand, when 
sodium is used, the two lines, Dx and D2, do not extinguish together 
except in the case of small rotations. (2) The line can easily be 
separated from the other constituents of the spectrum by means of a 
direct vision prism of low power; no extra cost is involved in fitting this 
to the eyepiece of the polarimeter, as even sodium light cannot be 
used for accurate work unless some such method is used to purify the 
crude flame-spectrum. (3) On account of the great intensity of the 
light the half-shadow angle of the polarimeter may be reduced to 20, 
i° or less; the instrument then becoming exceedingly sensitive. Alter¬ 
natively, cloudy or colored sugar syrups may be read with a half¬ 
shadow angle of moderate size. (4) The light is absolutely steady 
and may be kept running without interruption for a week at a time; 
all risk of change of zero through changed illumination is thereby 
avoided. (5) Contamination of the atmosphere and dirtying of the 
instrument by sodium salts are avoided. (6) The readings are usually 
at least 18 per cent greater for mercury green than for sodium yellow 
light. 
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The credit of introducing the use of the mercury lamp in polarimetry, 
according to Lowry, belongs to Disch17 and to Schonrock18 who made 
use of the Arons lamp. In 1906 Lowry introduced this method of 
illumination in his own laboratory and since that date has discarded 
the sodium light, except when dispersion values are required, or when 
some comparison has to be conducted with observations made by the 
older methods. 

Although no longer on the market, the Bastian glass mercury lamp 
(Figure 17) is recommended by Lowry for ordinary laboratory use. 
Its current consumption is small; no auxiliary resistances are required; 
the cord carrying the current to the lamp can be plugged into the 
ordinary lighting circuit without damaging the wires or blowing the 
fuses; and for work of high accuracy the light is found to be purer, 
and the continuous background to the spectrum far less intense, than 

in the case of the quartz lamps of high power which have displaced 
it in commercial use. The lamp is intended to burn with the zig-zag 
tube in a horizontal plane; but as soon as the tube is hot it may be 
turned into a vertical plane and will burn in this position for some 
days without going out. It is then possible to focus one of the straight 
portions of the tube upon a vertical slit, thus producing an intense 
and uniform linear illumination. Two forms of quartz lamp have 
been designed for use with the polarimeter. The lamp shown in 
Figure 18 was constructed in order to use the arc in the end-on posi¬ 
tion. In a lamp of this type the bulb on the right in the figure usually 
becomes covered with drops of condensed mercury.19 To avoid this 

” Ann. Phys. 1903 (iv), 12, nSS- , 
18 Z. Vereins Deutsch. Zucker, Ind., I9°3> 53, o52- 
“ A form of the Bastian or Quartzlite lamp described by Perkin (lrans. 

Faraday Soc. 1911, 6, 199), consists of a straight tube about one quarter inch 
in diameter and six inches long, and has a tantalum button as anode. The 
negative end terminates in a bulb containing mercury, and the positive end also 
has a smaller bulb of mercury which makes contact with the tantalum. Owing 
to the tantalum button being raised to a bright red heat a certain quantity of 
red rays are furnished, which to some slight extent neutralize the peculiar violet 
of the mercury. The important action of the tantalum, however, is to cause 
continuous burning once the lamp is started by tilting. The arc at the positive 
end does not play from the mercury but from the tantalum, consequently no 
mercury distils over to the negative pole. Further, owing to the large reservoir 
of mercury at the negative end, it is kept comparatively cool, and no special 
radiating surfaces are required. 

METAL VAPOR LAMPS. MERCURY ARC LAMPS 39 

a window of polished silica was mounted on a re-entrant tube in the 
center of the bulb where it is kept hot by the arc and remains clear 
and free from globules of mercury. The lamp takes a current of 
M/2 amperes and produces a very powerful light. It was found to 
be of very great service in taking polarimeter readings with the violet 
mercury line, when studying rotatory dispersion; the violet light being 
so intense that readings can be taken with a half-shadow angle of 
about 40 only. The chief disadvantage of the end-on lamp is that a 
slight displacement of the lamp may produce a marked alteration 
in the relative illuminations of different parts of the field of the 
polarimeter. The lamp must therefore be set very carefully if a con- 

.+* 

Fig. 19.—Vertical Type of Lamp. 

stant zero-reading is to be maintained. The difficulty can be avoided 
by using a horizontal line of light to illuminate the polarimeter when 
the field is divided vertically, or a vertical line of light for a polarimeter 
in which the divisions are horizontal. Most of the commercial quartz 
mercury lamps are arranged with a horizontal arc, and are therefore 
not suitable for use with a spectropolarimeter in which the division 
of the field must be made horizontal. In order to overcome this 
difficulty the lamp shown in Figure 19 was devised. It is a modifica¬ 
tion of the commercial “Quartzlite” lamp and was constructed especially 
for use in the vertical position. The line of light is very intense as 
the arc “pinches” into a narrow column (about }£ inch diameter) in 
the center of the tube. The only drawback to this concentration is 
the development of an appreciable quantity of continuous light, and a 
marked intensification of the weaker lines, demanding some additional 
care in the spectral purification of the yellow and violet lines. 
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At the time when there were no suitable quartz mercury-vapor 
lamps on the market in this country Bovie20 required a source of 
ultraviolet rays for certain biological and photochemical investigations. 
He constructed quartz lamps which after four years of use still gave 
excellent results. The lamps are not difficult to make and the design 
of this “home-made” apparatus can be altered to suit particular 
requirements. Figure 20 shows a simple form which the lamp may 
take.21 A is a quartz tube one centimeter in diameter. One end is 
bent downward to form the positive electrode C. A quartz tube of 
the same diameter is sealed in, near the other end, to form the nega¬ 
tive electrode B. The distance between B and C is about 10 centi- 

Fig. 20.—Lamp Used by Bovie for Biological Work. 

meters. The end of the tube A forms a condenser. The lamp is 
sealed, after exhausting at H. The tube A should be inclined to the 
horizontal position at an angle of 6° to 70, the end J being higher, 
so that the condensed mercury will flow back into C. Pieces of five 
millimeter quartz tubing are sealed to the lower ends of B and C. 
These in turn are set in mercury cisterns F, F (made of glass) ; test- 
tubes may be used. The small tubes are sealed at E. The detail 
of the seal is shown in Figure 21. A bulb of wax on the outside is 
necessary in order to make the seal air-tight. The iron wire D con¬ 
ducts the electric current through the wax seal. . 

The lamp should be used on a no volt direct current with five 
or six sixteen candle power bulbs in multiple as resistance, and will 

30 J. Biol. Chem. 1915, 3*5. . , r , « - ^ 
21 The form of this lamp is copied from a lamp made by Kraus. 
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carry from 1.25 to 1.5 amperes, depending upon the amount of cooling 

at the electrodes B and C. 
Figure 22 shows another of the possible forms of the lamp. It 

will be seen that the tube A is vertical. The electrode C, which is left 
open at the bottom, dips into a cistern of mercury M. This lamp was 
designed to run on a 220 volt circuit, and the distance between 
B and C is 30 centimeters. The lamp, however, will work, as well 
on a no volt circuit; for the distance between C and B is easily 

adjusted. 
The condenser J is not in a line with A, but is a little to one side. 

This is important, for a certain amount (about half) of the condensed 
mercury must be returned to the electrode B, else it will boil dry. 
The condenser J and the electrode B are provided with copper radi¬ 
ators, K. The lamp can be made to carry a current of four amperes, 

Fig. 21.—Construction of Seal. 

and with this current density and with an arc 30 centimeters long the 
lamp emits an abundance of ultraviolet rays. 

A more powerful lamp is described by Bovie.22 The principles 
of the mercury air-pump have been incorporated into the design so 
that no pump, other than an ordinary water aspirator, is required to 
exhaust the lamp to a very high vacuum. This feature not only does 
away with all troubles connected with the original exhaustion of the 
lamp, but makes it possible to re-exhaust the lamp quickly and easily 
at any time. The lamp can be re-exhausted without in any way dis¬ 
turbing the chemical substances under investigation and without in¬ 
terrupting the exposure for more than a fraction of a minute. 

The lamp, Figure 23, is operated on a direct current in series with a 
resistance, which, for voltages above no, should be variable. It carries 
a current of from 12 to 15 amperes. The maximum length of arc 
obtainable is dependent upon the voltage of the line upon which the 
lamp is operated. With no volts on the line, an arc of about 9 inches 
can be maintained. With 220 volts, the lamp burns with an arc over 

22 J. Am. Chem. Soc. 1915, 37, 1721. 
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two feet long. It is essential that the mercury column be made the 
positive electrode; the lamp will not burn if the poles are reversed.23 

A mercury vapor lamp with quartz illuminating tube is described by 
Gallois.24 In the initial position the mercury fills the illuminating' 
tube, but when the current is started, a coil attracts an armature con¬ 
nected by a rod with the tube, and turns the latter on its axis about. 

23 Data on the expansion of fused quartz are given by Henning (Ann. Physik. 
1903 (iv), 10, 446; J. Chem. Soc. 1903, Abs., 84, ii, page 272) for temperatures 
up to iooo°. It is found that the mean increase of unit length for a rise of i° 
is 0.00000054. 

24 Bull. soc. encour. ind. nat., 121. 
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40°, whereby in consequence of the shape of the tube the mercury 
is divided into two portions and an arc is formed across the interven¬ 
ing space. Quartz lamps are constructed to work under tension of 
220 to 500 volts, giving a candle-power of 500-6600.25 

According to Weigert26 the quantitative study of photochemical gas 
reactions under the influence of ultraviolet radiation is rendered diffi¬ 
cult by the temperature effect produced when the lamp is in action. 
Attempts to avoid this by water cooling usually involve the passage 
of the radiation through a layer of water where it is largely absorbed. 
In Weigert’s apparatus, which is water cooled, the reaction takes place 
in a vessel outside the lamp itself, but the reaction vessel receives 
radiation which has only passed through such non-absorbmg media as 
quartz and hydrogen. Henri,27 as a result of experiments on the ultra¬ 
violet radiation from a mercury vapor lamp demonstrated that the 
radiation becomes more intense as the temperature of the luminous 
tube is allowed to rise. By cooling the tube with water, the radiation 
was found to be 14 times less powerful than with air, the' same num- 
her of watts being consumed. The yield seems to depend on the fall 
of potential in the luminous tube. Quartz mercury vapor lamps have 
proved to be a very constant source of ultraviolet rays and one in 
which the radiation is definite when the voltage, amperage and length 
of the tube are known. Thompson 28_ states that for the purpose of 
sterilizing water and other liquids it is preferable to keep the vapor 
pressure in the mercury lamp employed as low as possible; hence the 
electrode-containing cells must be efficiently cooled. On the other hand 
in order to avoid undesirable contact between the quartz globe of the 
lamp and the liquid, a quartz jacket is employed and the space is ex¬ 
hausted. In the lamp proposed by Thompson, the quartz jacket does 
not extend to the electrode-containing cells at the end of the lamp, but 
is connected to the illuminating tube between the cells. The electrodes 
are thus kept cool by the liquid which is being sterilized or m case the 
liquid is hot, some external means of cooling is used. The procedure 
serves to keep the vapor pressure of the mercury low. Perkin has 
designed a lamp for experimental purposes which is constructed of 
fused quartz, and so arranged that gases can be circulated through 
it. The lamp consists of a quartz tube 3.5 inches long, which terminates 
at either end in mercury reservoirs, electrical contact being made by 
means of platinum wires, passing into the mercury.. The tube is ex¬ 
hausted and the arc is struck in the usual manner by tilting. 

It is stated by von Recklinghausen, Helbronner and Henri that 
in a mercury vapor lamp of given dimensions using a constant amount 
of electrical energy there exists a definite relation between the amount 

25 Some of the structural details of the quartz mercury lamp together with 
the difficulties experienced in developing it are given by Pierce, Illummat g 

Engineer, N. Y., 1911, 6, 133. 
28 Z. physik. Chem., 1912, 8o, 67. 
27 Compt. rend. 1911, I53> 426* 
28 British Patent 28,757, December 20, 1911. 
29 Trans. Far. Soc. 1918, 199. 
80 U. S. Patent 1,176,481, Aug. 29, 1916. 
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of ultraviolet rays produced and the amount of luminous radiation. 
If, however, any of the above conditions are changed, the ratio be¬ 
tween the ultraviolet and luminous portions of the radiations will be 
altered. This is probably due somewhat to the temperature of the 
lamp as the ultraviolet rays are increased in a given length of tube as 
the temperature rises. By constructing the mercury vapor chamber 
in the form of a U the two electrodes are brought close together and 
the heat radiations from one help to heat the other, thus raising the 
amount of ultraviolet rays produced in proportion to the current con¬ 
sumed. In the construction of lamps of the U shape, there is a 
tendency for that portion of the quartz tube at the bend to deteriorate 
or become opaque due to the fact that in making this bend the center 
of the tube is not followed by the arc. It is proposed to reinforce 
these U shaped tubes on the inside of the bend, thereby prolonging 

their life. In a form of lamp devised by Helbronner and von Reck¬ 
linghausen 31 the lamp proper is surrounded by a quartz envelope. 
The air is completely exhausted from the space between the lamp and 
the outer tube or envelope so that, when the apparatus is immersed 
in a liquid, radiation of heat from the lamp is prevented, while the 
normal working of the lamp is not affected. The wires conducting the 
current to the lamp pass through the walls of the envelope. In one 
form only the straight tube between the two bulbs is surrounded by 
an outer jacket. 

Although the U shaped type of lamp is productive of a greater 
proportion of ultraviolet rays, probably due to the increased heating 
effect resulting from the proximity of the two arms, tubes of uniform 
bore are not entirely satisfactory. It is found that the operating life 
of these lamps can be considerably increased by providing arrangements 
intended to determine to some extent the path of the luminous arc, 
devices of this kind being illustrated in Figures 24 32 and 25. 

The luminous arc naturally tends to take the shortest path from one 

31 British Patent 14,129, June 10, 1910. 
32 U. S. Patent 1,271,246, July 2, 1918, to von Recklinghausen, Helbronner 

and Henri. 
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electrode to the other and it necessarily follows that with a lighting tube 
of U shape the luminous arc instead of traversing the middle of the tube 
as in the case of a straight lighting tube, tends to approach that side of 
the curved portion of the lighting tube which is adjacent to the center of 
curvature, following in fact the dotted line indicated in Figure 24. The 
inner face of the lighting tube is thus exposed by reason of the extremely 
high temperature of the luminous arc, to much more rapid deterioration 
than the other portions of the tube and the corrosion thereby effected is 
found after the expiration of a certain time, to cause the wall of the 
lighting tube at this point to become somewhat porous and permit the 
entrance of air, rendering the lamp inoperative due tO' the vacuum being 
impaired. This disadvantage is obviated by the arrangement shown in 
Figure 24 in which the injurious effect is counteracted by making that 

portion of the lighting tube of considerably increased thickness. The 
quartz wall being thickened at this point can readily resist without injury 
the action of the high temperature of the luminous arc. A modified ar¬ 
rangement for the same purpose is illustrated in Figure 25, in which in 
order to maintain the luminous arc away from the wall of the lighting 
tube a number of projections are provided; the dotted line indicates how 
the luminous arc is kept at a certain distance away from the wall of the 
lighting tube. 

Figure 26 shows a mercury vapor lamp comprising a quartz tube 
of U shape, the two arms of which are very nearly in contact. The 
internal form of the lamp is such as to provide a restricted portion shown 
in Figure 27 adjacent to the negative electrode, while the lamp tube 
is flattened adjacent to the positive electrode. Fragments of broken 
glass are placed between the restricted portion and the terminal. 
Similar fragments are placed between the flattened portion afid the 

terminal of that arm. 
The effective life of a quartz mercury vapor lamp is increased by 

von Recklinghausen 83 through reinforcing the quartz tube at the points 

33 U. S. Patent 1,188,387, June 27, 1916. 
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which are subject to the greatest deterioration. See Figure 28. There is 
a certain spot in lamps of the usual construction which von Reckling¬ 
hausen calls the “cathode spot/' at which point the concentration of 
the current and the exceedingly high temperature produced have a 
tendency to disintegrate or otherwise injure the quartz surface. As 

a remedy for this, von Recklinghausen proposes to line this portion of 
the quartz lamp with a highly refractory material such as “titanium 
zircon quartz” and thus to greatly prolong the life of the lamp. Inas¬ 
much as this “cathode spot” does not remain stationary but is advanced 
or retarded according to the workings of the lamp, quite a consider- 

FiG.28.—Von Recklinghausen Lamp Reinforcement. 

able portion of a constricted surface as well as a portion of the con¬ 
densing bulb is lined with this material. It is claimed that cracking 
and clouding of the quartz is obviated to a great degree by this method 
of construction. 

A design of a mercury vapor lamp yielding nearly cold light is de¬ 
scribed by Daguerre, Medard and Fontaine 34 which is in the form of 

34 Compt. rend. 157, 921, 1914. 
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an inverted U tube and is made of fused silica. Electrodes of invar 
enter the ends of the tube. A short intense arc is formed at the bend of 
the tube between the columns of mercury on either side. The lamp is 
enclosed in a transparent silica flask—the wall of which is paraboloidal 
and silvered to act as a reflector—and is immersed in a tank of water. 
The light is concentrated by the mirror and emerges through a silica 
window in the tank. The lamp consumes 18 amperes, either alternating 
or direct current, at 70 volts and yields 3,000 candle power. The light 
can be used for microscopy and projection work without heating the 
specimens or celluloid films. It has the advantage over the carbon arc 

in that the luminous point remains fixed and requires no regulation. 
Its application to water sterilization and submarine photography has 
been suggested. 

An extremely powerful lamp devised by Kent and Lacell has a U 
shaped quartz tube and will work on a 500 to 1000 volt circuit (Figure 
29). One of the difficulties in causing mercury vapor lamps to burn con¬ 
tinuously is the fact that the anode end becomes heated to a higher 
temperature than the cathode. Consequently there is a. tendency for 
the mercury to distil from the hotter anode to the cooler cathode. Kent 
and Lacell overcome this difficulty by bending round the quartz tube 
so that the anode and cathode are adjacent, and the heat from the anode 
raises the temperature of the cathode. In consequence of this heating 
of the negative electrode, the two electrodes automatically adjust them¬ 
selves to about the same temperature. Consequently when once the 
arc is started through the mercury vapor there will be no greater tend¬ 
ency for mercury to be lost from the lamp, working at a constant 
pressure of mercury vapor, because the space in which the arc is formed 
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is saturated with mercury vapor at the working temperature and the 
arc remains constant.35 An interesting point in connection with this 
lamp is that it is not evacuated. The lamp is started by heating elec¬ 
trically a small coil of wire placed round A. When the lamp has started, 
the current is automatically cut off from A.36 

Among the various types of ultraviolet lamps Cooper-Hewitt37 sug¬ 
gests a vapor lamp employing metals such as thallium and caesium in 
order to increase the ultraviolet efficiency. In the construction of this 
lamp, mercury is used in one end of the quartz tube and acts as the 
anode, while the other metal is placed in the opposite end of the tube 
and serves as the cathode. Inasmuch as thallium and caesium are solid 
at ordinary temperatures and difficulty would be experienced in starting 
the lamp, in case it were handled in the same manner as a quartz mer¬ 
cury lamp, a connecting rod is inserted between the mercury and the 
cathode to assist in starting the lamp. When a heavy current is turned 
on, the cathode is heated to such an extent that the metal becomes molten 
and partially vaporized, after which the operation of the lamp takes 
place in the usual manner. A Cooper-Hewitt lamp of a different 
type 38 has a positive electrode of iron and a negative electrode of mer¬ 
cury. 

Perkin39 furnishes a description of a quartz lamp devised by 
Cooper-Hewitt. The arc is struck in a highly exhausted quartz tube by 
tilting so that mercury makes contact.with mercury, and then breaking 
contact. The anode end of the tube consists of a bulb into which 
the mercury vapor condenses, thus preventing rise in pressure and any 
tendency to intermittent burning. These lamps are made to burn on 
200-250 and 100-130 volt circuits. The mean specific consumption of 
energy on a 220-volt lamp is 0.22 watt with an illuminating power 
of 3,630 candle power.40 

A mercury vapor lamp of the Heraeus type used by Foster41 is 
shown in Figure *30. The essential part is a small bore tube A, of 
quartz, bent into U-shape with the arms close together. The upper 
ends are bent over and end in bulbs which are filled with pure mercury 
up to the level shown. Platinum contact wires pass down two other 
tubes which are sealed into the bulbs at the back. The bulbs, inlet 
tubes for the wires, and part of the U-tube are all enclosed in a brass 
casing C, which has a glass front not shown in the sketch. The pro¬ 
jecting part of the U-tube is enclosed in a thin-walled quartz tube B, 
which is cemented into brass casing. Close behind the U-tube a nickel 
tube enters, through which water flows. The water fills the whole of 
B and C and is carried away by another tube at the top, so that a 

35 British Patent 21,834, 1908. 
36 Perkin, Trans. Far. Soc. 1911, 6, 199. 
37 U. S. Patent 1,197,629, Sept. 12, 1916. 
38 Elektrotechnische Zeitschrift 1905, 26, 941. 
39 Trans. Far. Soc. 1911, 6, 199. 
40 Gamier, L’Electricien 1910, 39, 133, discusses the applications of the mer¬ 

cury vapor lamp and the development of the Cooper-Hewitt lamp together with 
a number of calculations of temperature and other theoretical observations. 

41J. Chem. Soc. 1906, 89, 913. 
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water-jacket surrounds the lamp and keeps it quite cool. The lamp is 
lighted by inverting it slowly so that the two threads of mercury in the 
U-tube meet at the bend. On turning the lamp in the reverse direction, 
the arc is struck, and fills the whole of the U-tube up to the mercury 
bulbs. A starting resistance is necessary owing to the momentary short 
circuit which occurs when the mercury threads meet. The lamp requires 

230-240 volts, and uses $-6 amperes. Axmann42 describes a simple 
ultraviolet lamp consisting of a uviol glass tube 45 to 130 centimeters 
long having platinum lead-in wires and carbon points. A quantity of 
mercury is placed in the tube. The lamp operates at 110-220 volts, 

2-4 amperes. 
The initial ignition period of a quartz mercury vapor lamp is reduced 

by employing a smaller amount of mercury than is ordinarily employed.43 

42 Elektrotechnische Zeitsch. 1905, 26, 627 and 1182. 
^British Patent 165,081, May 12, 1921; J. Soc, Chem, Ind. 1922, 41, 742-A, 
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wise the water vapor may cause a cadmium glass to be formed. Accord¬ 
ing to Bates 54 one of the difficulties in using the cadmium arc quartz 
lamp as a source of monochromatic light is the adherence of pure 
cadmium, upon solidification, to the quartz wall with such tenacity as 
to destroy the lamp. Attempts to overcome this by introducing mer¬ 
cury to form a softer alloy were successful as far as protection of the 
quartz goes, but the mercury does most of the conducting and the 
cadmium lines are too faint to be of use. Pure gallium has been sub¬ 
stituted for mercury with success. A mixture of cadmium with gallium 
is distilled under a pressure of o.ooi mm. into the quartz lamp, which 
is then sealed off. Enough gallium is carried over to give an alloy 
which does not damage the lamp. Such a lamp has been in use for 
over a year and apparently with proper care should last indefinitely, 
as the cadmium spectrum- is as bright as when pure cadmium is used. 
The red line of cadmium 643.9 ME (6439 A) should be particularly 
useful as a source of monochromatic light as there has previously been 
no strong source in the visible red region. According to Wolfke 55 
electrodes of cadmium-mercury amalgam (10% mercury) give no more 
of the characteristic mercury radiation than the carbon arc.56’ 57 

To improve the vacuum in electrical apparatus, especially as applied 
to the quartz mercury vapor lamp, von Recklinghausen 58 suggests the 
use of certain metals which have the property of absorbing nitrogen 
when heated to a high temperature. For this purpose magnesium, boron 
and titanium are proposed, the latter two being preferred. The nitrogen- 
occluding metals are introduced into the chamber in a solid or powdered 
form and means provided for raising them to the desired temperature. 
For example, in the construction of a mercury vapor lamp the nitrogen- 
occluding metals are placed either in a small tubular projection blown 
in the vessel or they may be used in the form of bars and connected with 
an electric current. The mercury is placed in the chamber and the 
vacuum drawn in the usual way. Before setting the lamp in operation 
the nitrogen-occluding metals are heated and in this manner the normal 
vacuum is increased. In case there is a leak in the vacuum seals allowing 
a small quantity of air to enter, thus decreasing the vacuum, it is claimed 
that the heat generated by the operation of the lamp will raise the 

54 Bur. Standards, Sci. Paper 1920, 371, 45; Phil. Mag. 1920, 39, 353; Chem. 
Abs. 1920, 14, 1937. 

55 Elektrotech. Z. 33, 917. Note also Illuminating Engineer, London, 1912, 
5, 476. 

58 A description of a simple lecture apparatus for demonstrating the proper¬ 
ties of the infra-red and ultraviolet parts of the spectrum has been given by 
Houstoun, Nature 1920, 105, 421. 

^Berlemont (Bull. soc. encour. ind. nat. 1921, 133, 254; Chem. Abs. 1921, 15, 
2163) in collaboration with George and others, has made a lamp for medical 
and experimental uses in which tungsten is employed and the arc is not 
formed in a vacuum but at atmospheric pressure. The quartz lamp easily 
stands at the head of the list of artificial light sources for photographic work. 
(Electrical Review and Western Electrician 1910, 57, 971). A large number 
of tests show that the operating life of the mercury rectifier varies between 
205 and 1852 hours, depending largely upon the freedom from grounds, surges 
and wide current fluctuations (Anon. Elec. Rev. 1919, 75, 668). 

58 U. S. Patent 1,110,576, Sept. 15, 1914. 
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nitrogen-occluding metals to a temperature at which they will readily 
absorb the air which has entered the lamp due to leakage and thereby 
maintain the vacuum automatically. (See Figure 31.) The proper dis¬ 
tribution of the conducting fluid, in a mercury vapor lamp has been 
investigated by von Recklinghausen 59 who states that it is customary 
in some cases to use a series of electrodes in lamps of this type and 
that in these cases difficulty is encountered in maintaining the proper 
distribution of the mercury. In order to obviate these difficulties von 

Fig. 31.—Von Recklinghausen Nitrogen-Absorbing Lamp. 

Recklinghau'sen proposes the inclining of the arc container, the con¬ 
densing chamber being located at the top. The condensed metal flowing 
along the bottom of the tube fills each pocket in succession, the remain¬ 
ing metal overflowing and running along down the tube until the next 
electrode is reached. This pocket in turn is filled in case it is not 
already full, the overflow passing on to the next electrode. In an 
operation of this kind difficulty might be encountered, causing a short 
circuit, in case the entire bottom of the tube was covered with a stream 
of mercury. If, however, a wire is placed at the upper edge of the 
electrode pocket, the mercury will accumulate and flow intermittently 
from one pocket to the next, thus breaking any contact which might 
otherwise be formed. (See Figure 32.) 

6*U. S. Patents 1,091,244, March 24, 1914, and 1,110,574, September 15, 1914. 
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Another type of -apparatus using the same method of maintaining 
the mercury distribution consists of an arc container having two tubular 
extensions on the bottom side which dip into vessels containing a supply 
of mercury. These two vessels are connected by means of a small pump 
in order to transfer mercury from one vessel to the other. The positive 
pole is connected through one of these containing vessels, the negative 
pole being connected to the quartz chamber through an electrode pocket. 
As the metal is vaporized it condenses and flows into the electrode pocket 
and from here overflows and runs down into one of the chambers. An 
excess or deficiency of mercury may be corrected from the receiving 
vessels. As in the previous type short circuits are prevented by placing 
obstructions just in advance of the electrode pockets. Bachmann60 
claims to eliminate the defect in the mercury vapor lamp arising from 

Fig. 32.—Lamp with Arc Container in an Inclined Position. 

evaporation of the mercury by the use of an anode of metal or alloy, 
the surface of which is amalgamated anew from time to time by means 
of mercury supplied from near the electrode. In order to produce 
vacuum tight joints between the leading-in wires and quartz material 
Herseus61 uses wires of iron or other metal having a temperature 
coefficient of expansion considerably greater than that of quartz. The 
diameter of the wire is such that the joint remains vacuum-tight at the 
highest anticipated temperature, the joint being reinforced by cements 
which melt at such temperature. It is found that an iron wire of 
0.5 mm. diameter affords a vacuum-tight joint in quartz-glass at a dull 
red heat, while wires of 0.9 mm. diameter may be heated to 360° C. 
without the joint leaking. In a lamp proposed by Belleaud and 
Barrollier 62 a heat conductor surrounds the electrodes so as to equalize 
the temperatures and prevent transference of mercury from the anode 

60 German Patent 336,57°, May n, 1920; J. Soc. Chem. Ind. 1921, 40, 575-A. 
61 German Patent 336,014, September 24, 1918; J. Soc. Chem. Ind. 1921, 40, 

574-A. 
62 British Patent 168,022, December 10, 1920. 
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to the cathode. The heat conductor may consist of a gas under pressure 
or mercury in a sealed vessel surrounding the electrodes. 

An arrangement by means of which the rays of a mercury vapor 
arc are obtained free from the effect of absorption is claimed by Kersch- 
baum.63 In lightly loaded lamps the illuminating vapor uniformly fills 
the entire cross-section of the tube between the electrodes, but when 
there is an increased load and therefore higher temperature, the radiant 
vapor retreats from the walls of the surrounding tube, and forms an 
intensively radiant thread of light located in the axis of the tube, sur¬ 
rounded by comparatively weakly illuminating mercury vapor. The 
light of the bright radiant axial thread in order to be able to issue from 
the lamp must first penetrate the envelope of vapor and undergo 
absorption. To obviate this absorption effect the temperature of the 
envelope is reduced, and hence the concentration of the absorbing vapor 
is diminished. This can be effected by cooling outwardly, but owing 
to condensation of mercury vapor, a coating of mercury forms on the 
entire inside wall of the lamp and allows almost no light whatever to 
issue. To prevent condensation of the mercury vapor the arc is de¬ 
flected toward one side of the tube of the lamp by means of an electro¬ 
magnet, thus raising the temperature of the tube at the place where it 
is applied and burning for itself an aperture in the film resulting from 
condensation. The light of the deflected radiating arc will issue through 
this aperture without having penetrated an absorbing layer of mercury 
vapor. Figure 33 shows the form of construction of this apparatus. 

The brass block (b) has a vertical bore; into this are soldered two 
tubes (r) having branches (w) for receiving and discharging the cooling 
water. Into this vertical cooler is inserted a quartz mercury vapor 
lamp (1), which is fastened above and below by means of bored rubber 
stoppers (d). The quartz lamp is a vertically burning lamp, which is 
of the simplest and most compact construction possible. As leading-in 
members for the lamp, ground-in nickel-steel pins (n) serve. Only 
the metal of the lower electrode (cathode) is mercury. The anode is a 
piece of carbon (c) screwed on the end of the upper nickel-steel pin. 
The brass block (b) has in addition, two lateral, horizontal, threaded 
bores. By means of these apertures the ends of two iron rods (m) are 
screwed up close to the wall of the lamp; over these rods are pushed 
coils of wire (e). Each of the two coils has 200 turns of covered 
copper wire of V2 ohm resistance; the current employed is 2-3 amperes. 
The electro magnets so formed produce lines of force at right angles 
to the axis of the lamp. The block (b) has another horizontal bore (f). 
This passes through only the rear half of the block and can be closed 
by a quartz plate. When the lamp is burning and the electro-magnets 
are so connected that they deflect the arc to the rear, the light will issue 
through the bore (f) and enclosing quartz plate. The arc is drawn by 
rotating the lamp into its horizontal position. 

Buttolph,64 tracing the development of mercury vapor lamps since 
1901, points out that during the years 1902-07 the condensing chamber 

63 U. S. Patent 1,118,868, November 24, 1914. 
64 Gen. Elec. Rev. 1920, 23, 741; 858. 
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was standardized, iron was adopted as the positive electrode material, 
and an automatic starting device was introduced; between 1907 and 
1910 a commercial form of alternating current lamp was developed, and 
in the latter year a fluorescent reflector was put on the market; during 
the succeeding period a so-called orthochromatic lamp and a quartz 
mercury lamp were developed, and the problem of operating the alter- 

+ 

Fig. 33.—Kerschbaum’s Apparatus for Magnetic Deflection of the Mercury 
Vapor Arc. 

nating current lamp on a high power factor was solved. The two types 
of mercury vapor lamp have come into use: the glass tube with iron 
anode, and the fused quartz tube with tungsten anode, for low and 
high temperatures respectively. In the former the mercury cathode 
lies in a bulb-like condensing chamber; the latter has a mercury filled 
cathode chamber into which the arc is reflected by a bend of the tube. 
In manufacturing, the tubes are filled with twice the final amount of 
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mercury and heated almost to melting point of the tube. At the same 
time all gases are driven from the electrodes by operating them on 
4000-6000 volts alternating current. The rapidly boiling mercury dis¬ 
places all foreign gases, and the tube is sealed off. 

Modern commercial mercury vapor lamps are of two main types; 
those having a mercury anode and those having an anode of tungsten 
or other metal. The first mentioned is built along the lines of the 
Herseus lamp and the electrical connections are made by means of 
ground-in pins of invar, an alloy possessing nearly the same coefficient 
of expansion as quartz.65 The tungsten anode type is usually made with 
sealed-in connections, and a graded glass-to-quartz seal is employed 
to relieve the stress due to differences in expansion.66 

Advantages are claimed by the manufacturers for both types of 
construction, but the difference is principally in mechanical features, 

Courtesy Hanovia Chemical & Mfg. Co. 

Fig. 34.—Hanovia Lamp for Direct Current. 

the efficiency and spectral distribution of the light evolved being essen¬ 

tially the same. • • H. 
For the mercury anode lamp with ground-in connections are claimed 

longer life and greater ease of repair. The tungsten anode lamps 
possess the advantages of greater facility in manufacture, mechanical 
simplicity, and ease of adaptation for operation in a vertical position. 

The Hanovia quartz mercury arc lamp, see Fig. 34, consists ess'entially of 
three parts, the tube through which the arc plays, the anode vessel, and the 
cathode vessel. The current is carried to the lamp through nickel rods ground 
into the side tubes of the electrode vessels. The ground-in joints are sealed 
with mercury. Small quartz tubes are used in the electrode vessels to avoid 
“hammering” of the mercury. The lighting of the lamp is effected by turning 
the lever slowly around from position to position so that a stream of mercury 
flows from anode to cathode, making a short circuit between the two poles. 
On breaking the stream the arc is struck, and the lever must be brought back 
to its original position to allow the mercury to flow back into the anode vessel. 
After lighting, the lamp may be turned again by the lever into a vertical position 
in which it can be continuously used. The arc may be used end-on in a hori¬ 
zontal position by viewing it from the anode end, or in a vertical position from 
above. On 220-volt lines the lamp may be burned at all potentials between 
the electrodes from 25-185 volts by means of a variable resistance of 55 to 95 
ohms (depending on the type of lamp) connected in series; on no-volt lines at 
all potentials from 25-80 volts by means of a variable resistance of 25 or 40 

65 Hanovia Chemical and Manufacturing Co. 
68 Cooper-Hewitt Electric Co. 
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ohms. If the lamp is not required to burn at low voltages, resistances of 30 or 
50 ohms and of 12 or 20 ohms suffice. At low potentials the arc or electric 
discharge fills the whole cross, section of the tube. With increasing potential 
the cross section of the arc diminishes more and more, and forms eventually 
a thread of some five millimeters diameter. The specific intensity of the. visible 
and ultraviolet radiation is the same, and the economy equally as good in no- 
volt as in 220-volt lamps. With constant external conditions the light exhibits 
a desirable degree of constancy. 

Figure 35 is a photograph of the spectrum of the Hanovia lamp, 
which gives an idea of the richness of the rays in the ultraviolet region; 
this is shown by the length of the spectrum falling to the left of line 
3900 A which portion of the spectrum is not visible to the eye. The 
Hanovia vapor lamp is also made for alternating current, the difference 
in construction being that for this current it is necessary that there be 
two positive electrodes in place of the one ordinarily used for direct 

current. (See Figure 36.) 
A water-cooled lamp of the mercury anode type is in extensive use 

for medical work. (See Chap. 13.) The lamp consists of a U-shaped 

Courtesy Hanovia Chemical & Mfg. Co. 

Fig. 36.—Hanovia Lamp for Alternating Current. 

tube, the bend of which is in a plane perpendicular to the plane of the 
arms. (See Figure 70.) The arc is formed in this portion of the tube 
which is surrounded by a jacket of quartz. Between this jacket and 
the outer housing of the apparatus water is circulated. The light is 
emitted through a quartz window in the front of the casing, after passing 
through the layer of water. The compact form made possible by this 
construction, known commercially as the Kromayer,61 is advantageous 

for many purposes. 
A form with a double anode for alternating current operation is also 

manufactured. 
The “hot anode” type of quartz mercury vapor lamps, known as the 

“Uviarc,” has no mercury chamber at the anode end.68 In place of 
mercury, a tungsten target composed of a spiral formed of tungsten 
wire is used. The anode end is protected from mechanical injury by 
means of a metal cap which also serves to lead the current to the anode. 
The cathode end is reinforced with thick quartz to absorb the shock 
of the mercury vapor and is set at an angle which is claimed to reflect 
back into the luminous portion of the tube some ultraviolet rays which 

07 Hanovia Chemical and Manufacturing Co. 
08 Cooper Hewitt Electric Co- 
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would otherwise escape. The cathode end is also protected by a metal 
cap through which the current is led to the mercury. The tungsten wire, 
serving to lead the current into the lamp, is sealed into the quartz tube 
by a graduated mixture of quartz and glass so that at the end there is 
practically pure glass, while the portion next to the quartz tube is prac¬ 
tically pure quartz. It is claimed that this combination of glass and 
quartz provides a proper coefficient of expansion SO' that the loss of 
vacuum, is prevented. Having only one mercury electrode, this lamp is 
capable of being operated either in a vertical or horizontal position, 
which in certain cases is of advantage. (See Figure 37.) 

A slightly different design is employed when tungsten anode 
(“Uviarc”) lamps are intended to run generally in a vertical or nearly 
vertical position. The change is principally in the construction of the 
cathode chamber. (See Figure 38.) Double anode types for alter¬ 
nating current operation are also manufactured. 

“Uviarc” lamps start with high current and low voltage when the 
tube is cold and the vapor pressure low. (See Figure 39.) For a given 
arc the starting current and the final arc voltage are determined by the 

series resistance. Therefore a family of “starting curves” for different 
values of the series resistance is given in Figure 39; the locus of their 
terminations at operating equilibrium is the normal operating, or “sta¬ 
tionary” characteristic, H-L, of this representative Uviarc. In the 
upper left hand corner of Figure 39, the volt and ampere components of 
the volt-ampere-time curve S-N have been separately plotted as func¬ 
tions of time and show clearly the way in which the arc comes to normal 
operation. As the temperature rises the vapor pressure and the voltage 
follow, while the current drops. Normal operation is reached when 
the heat radiated from the burner equals the electrical energy input and 
the vapor pressure no longer rises. This point is largely determined 
by the ventilation of the burner and by the room temperature. For 
example, with a given maximum burner voltage determined by the 
line voltage and the series resistance, the normal current is increased 
by cooling the burner. For this reason the 220-volt horizontal Uviarc 
requires about 4.5 amperes at 165 volts on the arc when operated in 
open air, while its normal current when enclosed is about 3.75 amperes 
at 174 volts on the arc. Thus temperature introduces another variable 
not represented in Figure 39. 

During the transition from the low pressure arc starting condition 
to the high pressure arc there is a striking change in the appearance 
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of the luminous arc column. As seen through a dark filter the principal 
light source becomes concentrated in the center of the arc tube as a 
slender cord of great brilliancy. In this condition there is about 25 
volts drop per inch in the arc as compared with approximately 
volts per inch in the low pressure arc. 

As indicated above, the Uviarc may be operated at various arc 
voltages from about 20 volts up to a certain maximum characteristic 

Courtesy Cooper-Hewitt Electric Company. 

' Fig. 38.—Vertical Uviarc. 

of each size of lamp. The curve expressing the relationship between the 
various arc voltages and the corresponding normal current is known as 
the “stationary” characteristic curve. (Figure 39, L-H.) The signifi¬ 
cant feature is the steepness of the curve for voltages above 80. There 
is a range of some 100 volts over which the current is nearly constant. 
This condition holds only for temperature equilibrium at the various 
operating wattages along the curve. The broken line shows approxi¬ 
mately what happens when there is a sudden change in the line supply 
voltage to a Uviarc outfit. As apparent resistance of the arc changes 
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only with the vapor pressure the first effect of an increase in the supply 
voltage is only an increase in the arc current. As in starting, with the 
resulting temperature increase, the burner voltage increases, the series 
resistance voltage decreases, the current decreases and normal operation 
is resumed at a higher burner voltage, but with practically the original 
current. 

Buttolph 69 describes a small high intensity mercury vapor arc oper¬ 
ating on no volts, either alternating or direct current. The effective 
light zone is 34 x inches> and is especially fitted for employment 
with suitable filters, as a monochromatic light source. By inserting 
resistance in series with the lamp, a low pressure arc giving only the 
strongest spectral lines is obtained. 

The spectrum of the quartz mercury vapor lamp70 extends from 185 
to 1400 \x\i (1850 to 14,000 A). The radiation of wave-length less than 
1400 pp (14,000 A) is largely concentrated in a close pair of yellow 
green lines at 576.4 and 579.1 pp (5764 and 5791 A), and a green line 
at 546.1 pp (5461 A). For this reason the visible portion of the spec¬ 
trum is of unique value as a source of high-intensity monochromatic 
light for polariscopic, spectroscopic and interferometer work. The radia¬ 
tion of a wave-length less than 450 pp (4500 A) represents two-thirds 
of the total radiation of wave-length less than 1400 pp. Like the visible 
radiation, the ultraviolet is concentrated in a few lines of high intensity. 
A pair of especially strong lines occurs at 365.0-365.4 pp (3650-3654 A), 
one at 398.4 pp (3984 A) and a pair at 404.6-407.8 pp (4046-4078 
A).71 

The results of an investigation by Coblentz, Long and Kahler 72 
afford methods of determining quantitatively the decrease in intensity 
of emission with usage of quartz mercury vapor lamps. The measure¬ 
ments of the radiations from these lamps were made by means of a 
thermopile, in front of which was placed a 1 centimeter cell of water, 
to absorb the infra-red rays of long wave-lengths emitted by the elec¬ 
trodes. The variation in intensity of the ultraviolet rays was determined 
by observing the variation in transmission of a yellow Noviol glass, 
with usage of the lamp. It was found that the intensity of the total 
radiation, as well as the ultraviolet component, decreased to about one- 
half to one-third of its initial value in the course of 1000 to 1500 hours. 
During the first 500 hours’ usage no marked difference was observed 
in the proportion of ultraviolet emitted by the two types of lamps tested. 
See page 256. 

60 J. Optical Soc. Am. 1922, 6, 1066; also Chem. Abs. 1923, 17, 653. 
70 Buttolph, Gen. Elec. Rev. 1920, 23, 909. 
7* Of the various means employed to obtain the mercury spectrum, the best 

results were found by McLennan (Proc. Roy. Soc. 1912, A 87, 256) to be given 
by a Cooper-Hewitt glass lamp provided with a side-tube closed by a thin plate 
of crystalline quartz. The spectrum thus provided was observed to extend from 
700 to 215 p,p, (7000 to 2150 A). LeBlanc, Electrical Review and Western 
Electrician, 1910, 57, 1248, gives a description of construction of ultraviolet lamps, 
more particularly the Cooper-Hewitt lamp showing curves of current consumption 
and efficiency of the lamps. 

72 J. Frank. Inst. 1919, 187, 112. Bur. of Standards, Sci. Paper 330, 1918. 
Note also Sci. Papers 378 and 495. 
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TABLE i 

Radiation 
Corning 
Glass 

Eastman 
Wratten 

Liquid 
Filters 

Infra red or 
10,140 

G554EK, 6-8 mm 
88 as used by 
R. W. Wood or 
89A 

Cobalt Blue Glass and 
Saturated Solution of Po¬ 
tassium Dichromate 

5769-90 G34R, 3-4 mm 22, Hg. Yellow 
Chrysoidine 
and Eosine 

5461 
G555Q, 8-10 mm and 
G34Y, 3-4 mm 

62 Hg. Green or 
77 Hg. Special or 
77 A. Hg. Special 
for Interferometry 

Neodymium Ammonium 
Nitrate and Potassium 
Dichromate 

4359 

Noviol A, 3.0 mm 
and 

G585, 3-5 mm 

50 Hg. Blue 
Cobalt Blue Glass 
and Quinine Sulfate 

4047-78 
G586A, 3-5 mm and 
Novoil 0, 3-4 mm 

36, Hg. Violet 
Methyl Violet and 
Quinine Sulfate 

3650 
3656 
3663 

G586AW, 8-10 mm 18, Ultra-violet 
Methyl Violet and 
Acid Green 

To absorb G392, 6-10 mm 
Cupric Chloride 
2% Solution 

Infra red 

Fluorescence G371R, 2-3 mm 
Fluorescein or 
Rhodamine B 

Courtesy Cooper-Hewitt Electric Company. 

ments, however, an optical method of spectrum line isolation is 

Three types of filters are available as listed in Table I. Gelatine and 
liquid filters must be kept as nearly as possible at room temperature. 
Table i and Figure 43 show a number of filters and their transmissions. 
The liquid filters, all of which are two cell combinations, are best 
adjusted for the desired effect at the time of use. Wratten gelatine 
filters 32 are satisfactory for many purposes because of the large number 

31 See Bur. of Standards Circ. 44, 1918; Bull. 534, i?o6. As Mathews, Ind. 
Ene. Chem. 1923, 887, rightly observes, photochemical reactions usually are 
sensitive to a comparatively narrow band in the spectrum. If a wide band is 
used energy is therefore wasted, and an undesirable result may be produced. 
Now that light is playing an increasingly important roie m the photosynthesis 
of many compounds, it becomes more important that sources of very intense 
monochromatic illumination be developed. The present practice is either to 
secure approximately monochromatic light by dispersion of light through a prism, 
letting the desired wave-length fall upon a slit behind which the reacting system 
is placed or by the use of filters designed to filter out the wave-lengths 
not desired In either case, the intensity of the resulting illuminating beam is 
not great, particularly if it is anywhere near monochromatic. In order that reac¬ 
tions may be carried out on anything like a commercial scale, better means of 
producing powerful, intense sources of such light must be developed. Note 
Coblentz and Kahler, Bur. of Standards, Sci. Paper 378, April 9, 1920. 

“Eastman Kodak Co. “Wratten Light Filters 1922. 
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that have been closely standardized. There are available a number of 
filters known as “Mercury Monochromats” whose transmissions are 
shown in Figure 44. 

Corning glass filters 33 are most satisfactory where their thickness 
and consequent bulk are not objectionable, and where appreciable heat 
must be dealt with. As is apparent from Figure 43 they generally have 
rather broad but high transmission characteristics and hence are used 
in combination to secure the desired effects. 

Andrews 34 furnishes details of an apparatus for separating visible 
from invisible light, the theory of the apparatus being that the visible 
light is less refracted by a lens than is ultraviolet radiation. 

Figure 45 diagrammatically shows the design of the apparatus. A is a source 
of visible light, also producing ultraviolet rays, such as may be produced by a 
high tension disruptive spark between iron terminals. B is a quartz lens.^ D is 
a thin sheet of metal pierced with a pin-hole at C, the diaphragm being so 
placed that the pin-hole is in the exact mean focus of the ultraviolet rays. E 

Fig. 45.—Diagram Showing Principle of Andrew’s Separator. 

indicates the mean focus of the visible rays. F is a small metal disk and G is a 
screen. A front view of the screen is shown at H. The operation of this 
instrument is based on the fact that the mean focus of visible. light is located 
at a measurable distance beyond the mean focus of the invisible rays owing 
to the greater refrangibility of the latter over that of the former. If, there¬ 
fore, the diaphragm D is carefully adjusted so as to bring the pin-hole C into 
the exact mean focus of the ultraviolet rays, the rays of the latter will pass 
through the pin-hole and spread out again on the other side of the diaphragm. 
The mean focus of visible light being some distance beyond the pin-hole, its 
rays will be largely intercepted by the diaphragm, and through the pin-hole only 
a few of the nearly parallel rays of visible light will pass. In operation, if 
the screen is made of non-fluorescent material, there will appear on it only 
the small illuminated spot Kbut if it is coated with a fluorescent substance, 
such as powdered willemite, this small luminous spot will be surrounded by a 
disk of bright green light produced by the fluorescence of the willemite excited 
by the circular field of invisible ultraviolet rays. Should it be found desirable 
to cut out the spot of visible light, the small metal disk F can be set up in such 
a position as to cast its shadow over the spot K and so transform it from a 
bright spot to a dark one, leaving the disk of green fluorescent light otherwise 
unchanged. 

This apparatus is valuable for the determination of the exact fluores¬ 
cent colors of various compounds. When such compounds are exposed 
to the direct rays of an open iron spark, their true fluorescent color is 

^Bureau of Standards Technologic Paper 119, 1919; 148, 1920; Scientific 
Paper 325, 1918. 

34 General Electric Review, 1917, 817. 



Chapter 14. 

Therapeutic Applications. 

Finsen attributed his success in the light treatment of certain local 
affections to the action of the ultraviolet. But the radiation from the 
arc lamp used by Finsen was relatively poor in ultraviolet rays. Con¬ 
sequently the treatments were much prolonged and small areas only 
could be treated at one sitting. 

The therapeutic quartz lamp1 was used at first almost exclusively 
in surgery and in skin diseases; that is, local affections, in the manner 
employed by Finsen. Later, after improvements by Kromayer, it be¬ 
came most useful in this field. 

The use of ultraviolet radiation in general diseases is a more recent 
development. 

Rollier and others found that sun baths, especially at great altitudes, 
such as in the Alps, were beneficial in the treatment of tuberculosis 
(especially of the bones and the joints). These results were attributed 
to an abundance of ultraviolet rays in the sun's rays at these altitudes. 
As the ultraviolet rays of sunlight are largely absorbed in passage 
through the atmosphere, the value of ultraviolet rays in the sun bath 
treatment was long doubted. In fact, in 1903, Rieder made the as¬ 
sertion that the infra-red heat ray was the controlling factor in the 
beneficial effects of the sun bath. 

The quartz lamp has afforded a means of studying the effects of 
ultraviolet rays upon the human body in general treatment, with the 
result that the preponderant role of the ultraviolet is now well estab¬ 
lished and its therapeutic application is constantly expanding. 

Apparatus. (See Chap. 3.) 

The types of quartz lamps suitable for therapeutic use have been 
described, together with the method of operation and illustrative cases, 
by Bach.2 

Two types of lamp are used in the treatment of diseases, the air¬ 
cooled “sun-lamp" for general application or for the treatment of large 
areas and the water-cooled apparatus for local applications. 

One type of air-cooled lamp consists of a quartz burner from two 

1 Introduced in 1907 by the Quartzlampen Gesellschaft of Hanau, Germany, 
now made in the United States by the Hanovia Chemical and Manufacturing 
Co., Newark, New Jersey; by Victor X-ray Corporation, Chicago, Illinois, and 
by Burdick Cabinet Co., Milton, Wisconsin. 

2 Ultraviolet Light, New York, 1916; also Pacini, Outline of Ultraviolet 

Therapy, Chicago, Ill., 1923. 
288 
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Courtesy Cooper-Hezvitt Electric Co. 

Fig. 69. 

Courtesy Hanovia Chemical Mfg. Co. 

Fig. 68a.—Hanovia (Air-Cooled) Lamp in Aluminum Hood. 
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and to 5 inches in length, mounted in an aluminum reflector, which 
in some cases is fitted with a shutter by means of which the area 
of the surface to be exposed to the ultraviolet rays may be con¬ 
trolled. On one end or on both ends, as the case may be, the lamp 

is fitted with strips of metal which spread out fan-like, to serve as heat 
radiators thus to control the temperature of the lamp. Figure 68a. 
The burner and reflector are adjustably mounted either on a stand or 
rope support. A'rheostat forms a part of the equipment. The burners 
are made for 90-120 volts and 200-240 volts direct current. In case 

Courtesy Victor X-Ray Corporation. 

Fig. 71.—Air-Cooled Type “Uviarc” Quartz Tube. 

alternating current only is available a current rectifier or a motor gen¬ 
erator set may be used. A form of lamp used by physicians is shown 
in Figure 69. A modification of the “sun-lamp” is equipped with a 
ring of incandescent lamps surrounding the reflector of the mercury 
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vapor lamp. These radiate heat and tend to counteract the coldness 
experienced by some persons during treatment, especially when pro¬ 
tracted. There is also induced a hyperemia of the skin which is, some¬ 
times, desirable. The effect of this form of treatment is more like that 
of a natural sun bath. 

The Kromayer lamp is water-cooled and is typical of the class. It 
consists of a Q-shaped tube of transparent fused rock crystal quartz. 
This tube is about inch internal diameter, and forms the arc tube “a.” 
It carries on the ends two mercury containers “bb” at right angles to 
the plane of the arc tube, and these constitute the electrode vessels to 

Courtesy Victor X-Ray Corporation. 

Fig. 72.—Air-Cooled Lamp. Interior View of Rotary Casing. By pressing 
the knob on the left (exterior of hood) the mercury is made to flow toward the 
anode, thus completing the circuit and causing an electric arc. 

which the current is conducted by ground-in mercury-sealed rods “cc.” 
The arc is struck between the mercury poles and fills the whole length 
of the arc tube. In order to carry off the heat produced by the arc, 
when burning, the lamp is cooled by a supply of running water. The 
water must not, however, come in contact with the arc tube itself, as 
the resulting cooling of the arc would reduce the therapeutic effective¬ 
ness of the lamp and, for this reason, the arc tube is surrounded by 
an evacuated quartz jacket “d.” The burner is built into a water¬ 
tight metal casing and emits its rays through a quartz window in the 
front of same. The cooling water circulates between the lamp and 
the metal body, the tube “e” forming the inlet and “f” the outlet. The 
rate of flow must be so regulated that the lamp body does not become 
heated. 

In some forms of quartz lamp a tungsten anode is employed. The 
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makers claim for this that it simplifies construction and enables higher 
temperatures to be reached, giving greater intensity of radiation. 

In the “Uviarc” tubes a graduated glass seal is used. This does 
away with the necessity for radiating fins to protect joints from over¬ 
heating. 

So far we have spoken, in this section, of the air-cooled and the 
water-cooled lamps as though the only difference between them was 

Courtesy Victor X-Ray Corporation. 

Fig. 73.—Water-Cooled Type. 

that one (the air-cooled) was more convenient for general and the 
other (the water-cooled) for local intensive radiation (“focal radia¬ 
tion”) . But Pacini (loc. cit. passim), following Wood, emphasizes 
a fundamental distinction between the radiations furnished by the two 
kinds of lamps. The air-cooled lamp is especially adapted to yield a 
radiation containing a larger proportion of the ultraviolet rays of wave 
lengths exceeding 300 pp, i.e., rays possessed of what Pacini calls 
“biologic” effect, which we prefer to term “stimulative.” 3 

8 For the explanation see preceding chapter. 

% 
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The water-cooled lamp, on the other hand, gives out an intense radia¬ 
tion, much of the energy of which is in the form of rays of wave 
lengths less than pp 300. This region is endowed, as we have learned 
with lethal, or as Pacini calls it “abiotic” action. 

Such of these lethal rays as are emitted from the air-cooled lamp 
can be absorbed by the air between the lamp and the object being irradi¬ 
ated. Therefore, when it is desired to elicit, in pure form, the 
stimulating action of the air-cooled lamp a considerable distance (e.g., 
about 40 inches) is allowed between the lamp and the patient. 

Courtesy Hanovia Chemical Mfg. Co. 
Fig. 74. 

The characteristic lethal, or caustic, or “abiotic” action of the water- 
cooled lamp is obtained by the use of short lamp-to-patient distances. 

In some instances this distance cannot directly be made short 
enough; e.g., in the natural body orifices, or in sinuses. Fortunately, 
an interesting property of transparent quartz comes to our aid in such 
a case. If ultraviolet rays are applied axially to a rod of quartz they 
pass along it, and are delivered at the other extremity with little diminu¬ 
tion of intensity and this whatever the shape of the rod. It is as though 
the limiting surface between quartz and air were a surface of total 
(internal) reflection. 

Taking advantage of this property applications are made of trans¬ 
parent quartz rod, of diverse forms, to adapt them for use in special 
positions. Some of the more usual shapes are illustrated in Figure 74. 
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posure of impressions of the ink on paper to the action of ultraviolet 
rays for 48 hours. In carrying out this test, streaks of the inks under 
examination are produced on a sheet of paper along with a streak made 
with standard ink. The paper containing the streaks is then exposed 
to rays of ultraviolet for varying periods, generally about 48 hours, 
and the relative effect noted. The method is therefore simply a 
comparison test with standard material.20 

Drying of Oils. 

The acceleration of the drying of siccative oils by ultraviolet rays 
has not been overlooked and certain applications of a commercial char- 

Courtesy Cooper-Hewitt Electric Company. 

Fig. 78.—Apparatus for Dye or Paint Testing. 

acter have been proposed which utilize ultraviolet. In studying the 
phenomena of drying linseed oil Genthe 2°a made use of the ultraviolet 
radiation. The oil was exposed on filter paper to an atmosphere of 
oxygen in a quartz flask. A series of these flasks were exposed to the 
Uviol lamp, during which exposure the absorption of oxygen was meas¬ 
ured. Caustic potash was placed in the bottom of the vessel to absorb 
volatile acid products. No formation of ozone was noted. During the 
first 2 hours the absorption of oxygen was slight. In the third hour 
the absorption became very rapid, gradually diminishing in rate during 
subsequent hours of insolation. In the laboratory of the senior author 

20 Private communication from Percy H. Walker, Bureau of Standards. 
20aZ. angew. Chem. 1906, 2090. 
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a large number of samples of varnishes of various grades have been 
exposed to ultraviolet rays. The behavior of varnishes varies greatly, 
depending on the composition. Some samples are bleached, others are 
darkened and still others are very little altered in color. In some cases 
the varnish was floated on a layer of water to prevent overheating. 
In other cases the samples were enclosed with the lamp in a chamber 
and inert gases or steam passed through the chamber during the treat¬ 
ment. There did not appear to be any great difference in results when 
taking these precautions as compared with samples exposed to the normal 
atmosphere. Samples of linseed oil were also exposed under the same 
conditions. In most cases the oil was considerably bleached and with 
raw oil, practically no skin was formed over the top. With boiled oil, 
a film was formed on exposing linseed oil to the action of the rays 
for 6 hours, when free access of air was allowed. In one case where 
the oil was exposed in a thin layer over-water, the oil became turbid 
and apparently a very stable emulsion was formed. In another case a 
sample of raw oil was exposed for 7 hours in a closed chamber in 
an atmosphere of steam. The oil, which was quite dark at the be¬ 
ginning, was bleached to a light straw color.20b An apparatus for 
oxidizing oils is described by Schofield.21 The oil, such as linseed oil, 
is sprayed through a chamber illuminated by a high tension electrical 
discharge. Purified and dried air is also supplied to the chamber, under 
pressure and at a temperature of about 250° C. 

The influence of light of different wave-lengths on the drying of 
varnishes has been investigated by Wolff,22 who concludes that light 
of short wave-length induces a rapid oxidation on the surface and also 
polymerisation in the inner layers, both effects proceeding at the same 
rate, while light of long wave-length of low actinic value results in a 
greater rapidity of oxidation taking place in the surface than poly¬ 
merisation in the inner zone. Alterations in volume in the different 
zones with consequent production of shrivelling thus result from 
exposure to yellow, orange, or red light during drying. Wolff’s con¬ 
clusions are criticized by Ragg,23 who points out that a higher rate of 
oxidation with a reduced rate of polymerization would induce cracking 
in contradistinction to shrivelling. He offers the alternative hypothesis 
of the filtration of the ultraviolet rays in the surface, thereby trans¬ 
mitting only light of low actinic value to the inner zones, but while 
pointing out the necessity of consideration of possible thermal effects, 
does not make himself clear as to his interpretation of the mechanism 
of shrivelling. Wolff,24 in replying to Ragg’s criticisms, remarks that 
red light does not actually accelerate the rate of oxidation of varnish 
but induces a slight retardation of surface oxidation while considerably 
retarding polymerisation in the inner layer; light of short wave-length 
on the other hand allows oxidation and polymerisation to proceed at 

2011 Ellis and Wells, Chemical Engineer, 1918, 116. 
21 British Patent 227,212, Oct. 16, 1923; J. S. C. I. 1925, 180. 
23 Farben-Zeit. 1919, 24, 1119; J. Chem. Soc. 1919, 115, 915A. 
23 Farben-Zeit. 1919, 24, 1308; J. Chem. Soc. 1919, 115, 915 A. 
24 Farben-Zeit. 1919, 24, 1389. 
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rays from an iron arc as a source of light, advantage may be taken of 
the effect of water in accelerating the test by exposing the lithopone 
(ground to a paste in water) behind a quartz glass slide, the adhering 
paste being backed with a slide of ordinary glass to retard evaporation. 
When employing sunlight as an illuminant, it is preferable to expose 
the pigment ground to a paste in water between thin microscope slides, 
and to evaluate the degree of darkening against standards. Many pig¬ 
ments other than lithopone, even some of the so-called inert pigments, 
darken or show a slight graying on exposure to ultraviolet rays. 

The one salutary effect of light on paints is its bleaching action on 
yellowed surfaces. While no quantitative data have been gathered on 

£ Cs) 
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Load, g. per sq. cm. 

Fig. 83.—Results of stress-strain tests, conducted by Nelson and Rundle, on 
paint films, showing elongation in per cent, before and after exposure to ultra¬ 
violet radiation. 
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the bleaching effects of the different spectral regions, some qualitative 
results have been obtained by Pfund 37a through exposing a badly yel¬ 
lowed paint film (linseed oil) to sunlight. Adjacent patches of the 
film were covered with the screens described below. The second column 
indicates the shortest wave-length reaching the film. 

Wave-Length Remarks 

{a) No screen. 2900 A Vigorous bleaching 
(b) Quartz . 2900 A Vigorous bleaching, same as (a) 
(c) Glass plate .... 3200 A Vigorous bleaching, same as (a) 
(d) Crookes’ glass.. 3600 A Vigorous bleaching, slightly less 

than (a) 
(e) No viol (yellow) 

glass .. 4900 A Bleaching, pronouncedly less than 

(d) 
(e) Ruby glass- 6000 A No bleaching 

37a ProC. Am. Soc. Testing Materials 1923, 23, ii, 377. 
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From this table it is seen that, whereas light of wave-length 3200 A 
or less is required to produce pronounced deterioration of paints and 
darkening of lithopones, the beneficial bleaching action extends to much 
greater wave-lengths—in fact, up into the visible spectrum. 

A revolving-type accelerated testing device used by Gardner37b. ex¬ 
poses painted panels to four cycles: heat, cold, rain and ultraviolet 
radiation. 

During the past few years the ultraviolet lamp has been used ex¬ 
tensively for the testing of nitrocellulose lacquers, lacquer enamels 
and other finishes. Although it is possible to obtain the breakdown of 
finishes by this method, Mougey 370 has not been able to find a direct 
relationship between ultraviolet ray tests and service tests when 
different types of materials are compared, and variations in the applica¬ 
tion of the ultraviolet ray tests make such great differences that it is 
very difficult to make predictions as to the service durability of two 
finishes, even though they are of the same type. For example, the first 
method used to test finishes by the ultraviolet rays was simply to expose 
the test panels under the lamp. In the case of tests made by Mougey 
on black baking fender enamel, the panels failed on the test racks on 
the roof before they did under the ultraviolet radiation. 

The panels were then soaked in water overnight and exposed to the 
ultraviolet rays during the day. This gave failures in a very few 
days, but unless care was taken to dry the panels of surface water the 
results were of no value, failure occurring in a few minutes at the 
areas where surface water lay on the panels. Finishing varnishes sub¬ 
jected to this test usually failed in one cycle, with no relation between 
this test and the durability of the varnish. It was apparent that this 
test favored hard-drying finishes, and the test was then modified to use 
a rotating wheel type of exposure .apparatus. The panels were mounted 
on the rim of the wheel, and the latter, half immersed in water, was 
rotated under the ultraviolet lamp at the rate of two revolutions per 
hour, thus soaking the finish, allowing time for drainage and evapora¬ 
tion of the surface moisture, and then exposing the panel to the rays, 
A nitrocellulose lacquer enamel37d which would withstand exposure on 
the roof test racks over 2 years, would fail in 2 days, while a finish¬ 
ing varnish having a life of 3 months on the roof test would stand 
2 or 3 weeks under this test. Apparently, there was no connection 
between the results of the test and the life of finishing materials on the 
roof test racks. 

A method which has given much better results and which was 
finally adopted by Mougey involves continuous rotation of the wheel 
day and night but with the lamp turned on only during the day. 

Treatment of Various Oils. 

In the field of non-drying oils ultraviolet radiation has found some 
applications. Wall38 subjected cacao oil to the action of ultraviolet rays 

37b Paint Manufacturers Assoc, of U. S. Circ. 226, 1925, 179. 
37c Ind. & Eng. Chem. 1925, 17, 412. 
37d Known as Duco. 
358 Wall, U. S. Patent 1,386,476. 
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situated.55 A modified form of this procedure is that advocated by 
Sutherland.56 Meal or flour is treated with sufficient chlorine to react 
upon the enzymes present and render them inactive and is then treated 
with hydrogen peroxide and exposed to ultraviolet rays to liberate 
oxygen which acts as a bleaching agent. Sutherland 57 also claims that 
meal, flour, cereals, beans or tubers are improved in color and baking 

Courtesy Cooper-Hewitt Electric Company. 

Fig. 84. 

qualities by treatment with hydrogen peroxide and then exposing in a 
thin layer on a traveling belt conveyer to the action of the rays. A 
somewhat similar process is advanced by Gelissen.58 

55 In the laboratory of the senior author samples of low-grade flour or 
middlings have been considerably bleached after an exposure of 8 hours at 
about 6 inches from a mercury vapor lamp. The change is too slow to offer 
commercial possibilities. 

56 U. S. Patent 1,381,079, June 7, 1921. 
57 U. S. Patent 1,380,334, May 31, 1921. In U. S. Patent 1,539,701 the addition 

of benzoyl peroxide is recommended. 
68 U. S. Patent 1,483,546, Feb. 12, 1924. 
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Flour either after or preferably during the milling process may be treated 
with a substance of the paraldehyde-ozonide class. The effects may be enhanced 
in some instances by intensive milling, use of ultraviolet rays or of steam or 
warm, water. Preferably the catalase and similarly acting enzymes In the 
material are destroyed, e.g., by the use of a very small amount of chlorine, 
insufficient to bleach the flour, in order to permit the fuller action of peroxidase 
in liberating nascent oxygen in contact with flour material. Among the com¬ 
pounds which, may be used are paraldehyde-ozonides, perozonides, peroxozonides, 
ozonide peroxides or polymers of the ozonides and similar compounds. 

Courtesy Cooper Hewitt Electric Company. 

Fig. 85. 

A curious application of ultraviolet radiation is in poultry houses 
for the prevention of rickets in chickens, and the consequent loss in egg 
production.59 A daily exposure of a definite period is prescribed. A 
specially designed treating apparatus using a quartz mercury arc is 
shown in Figures 84 and 85.60 

59 Contrib. No. 107, Department of Chemistry, and No. 27, Department of 
Poultry Husbandry, Kansas State Agr. Sta. Hughes, Nitcher and Titus report 
that the action of ultraviolet in preventing rickets in chickens is due to direct 
action and not to any changes in the room air. J. Biol. Chem. 1925, 63, 205; 
Chem. Abs. 1925, ig} 2068. 

60 Cooper Hewitt Elec. Company. 


